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PREFACE 


THE object of the present work is to offer a brief 
account of the processes of weaving which, while avoiding 
intricate details, will enable the reader to understand 
the operations and machinery involved in the con- 
version of yarn into woven-fabrics. Such an account, 
it is hoped, will be found useful by the weaving student 
as an introduction to his more detailed studies, by 
merchants and others who have dealings in woven 
fabrics, and by the handicraft weaver. The inclusion 
of short chapters on the history of weaving and the 
characteristics and production of the various yarns 
which form the raw materials of the weaver will also be 
found serviceable by such readers. 

My thanks are due to Mr. J. Hampson and Mr. J. H. 
Jakens for drawings; to my daughter, Miss E. M. 
Crankshaw, M.A., for assistance with the chapter on 
the history of weaving; and to the machinery makers 
who have so generously assisted with the illustrations. 


W. P. CRANKSHAW. 
May, 1924. 
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WEAVING 


CHAPTER I 
THE HISTORY OF WEAVING 


THERE is little need to demonstrate the antiquity of 
the art of weaving, since it is admitted that food and 
clothing are the two prime necessities of man His 
earliest clothing was probably of a ready-made char- 
acter, such as the skins of animals Of the clothing 
of palaeolithic or old stone man there is no trace, but, 
when the remains of neolithic or new stone man are 
examined, there are reasons for thinking that he had 
some knowledge of the formation of fabrics by the 
interlacing of suitable materials. 

The n.ost definite evidence that we have of the 
antiquity of weaving is the paragraph in Genesis, which 
describes how Pharaoh clothed Joseph in “ vestures 
of fine linen.” It is evident from these words that the 
art had reached a high stage of development. Indeed, 
mummy coverings recently discovered show that the 
term “fine linen’’ was no exaggeration, for, among 
the large number of mummy coverings which have been 
examined, specimens of a fineness surprising even for 
these days were found. The work of the ancient 
Egyptians was not, however, limited to linen, for they 
also manufactured woollens and produced figured as 
well as plain fabrics in both materials. 

The Chinese also acquired considerable skill in weav- 
ing, their records extending back to about 3,000 B.c. 
They manufactured silk goods, and the richness of these 
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both as regards material and ornamentation has been 
recognized from remote ages. They made “ precious 
figured garments resembling in colour the flowers of 
the field and rivalling in fineness the work of spiders.” 
Even to-day it is difficult to excel the work of the old 
Chinese weavers. 

Just as Egypt was the home of the linen, and China 
of the silk, industry, so India may be regarded as the 
home of the cotton manufacture. For ages it has been 
famous for cotton textiles of unrivalled delicacy, and 
much of India’s best work is still done on hand looms 
of rude construction. 

It is also interesting to note in passing that the 
manufacture of textiles was carried on by the ancient 
Peruvians, and pieces of cloth have been discovered of 
a coarse quality somewhat resembling sail cloth and 
made of vegetable fibres. 

Although the Greeks and Romans have left no clear 
records of their method of weaving, there is little doubt 
that their looms differed only slightly in detail from 
those of the ancient Egyptians. They had advanced 
so far as to be acquainted with the use of healds, and 
Plato mentions the difference in the amount of twist 
in the warp and weft yarns. The results of their 
knowledge were shown in the magnificent garments 
which were worn by their priests and by the Roman 
Emperors. It may here be said that the earliest silk 
textures produced in the Levant were woven from 
threads obtained by unweaving loosely woven silk 
fabrics imported from China, the secret of silk spinning 
not having yet left the Far East. 

On the downfall of the Western Roman Empire the 
skill of the Roman workmen was preserved at Con- 
stantinople, the capital of the Eastern Empire. What 
remained of it in Western Europe was to be found in 
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the few monasteries and convents that contrived to 
survive the invasions of the barbarians. But, after 
these Northern invaders had scattered the weavers 
of Europe, Southern invaders, the Saracens, gave a 
fresh impetus to weaving in Spain where cottons were 
woven, and in Sicily. Much of the Sicilian work was 
executed in silk, of which the Saracens had a consider- 
able knowledge, and the latter evidently gave to 
Sicilian textiles that Oriental splendour for which they are 
renowned. When the Holy Wars began, the Crusaders’ 
first place of call was generally Sicily ; hence the fame 
of the Sicilian goods spread over Western Europe. 

As Sicilian excellence in weaving declined the manu- 
facture passed to Northern Italy, where it was taken 
up by the City States, especially Genoa, Venice and 
Lucca, which last was one of the first towns to manu- 
facture velvet. The velvets of Florence, however, 
were the most famous and the most beautiful, being 
lavishly ornamented with gold. Later, her chief rival 
was Venice, which at one period dictated the fashions 
to Western Europe. 

It was left to the colder Northern Europe to develop 
the manufacture of fabrics from wool, and in this 
England and Flanders played the chief parts. The 
Romans are said to have established a woollen factory 
at Winchester, but it is quite probable that the British 
already possessed a knowledge of the art, as the short 
wools most suitable for the manufacture were grown 
in the neighbourhood, and shortly after the occupation 
British cloths were held in high esteem in Rome, both 
for colour and texture. The Phoenicians who traded 
with Cornwall for tin also took back with them British 
woven cloths. It is also recorded that the mother of 
Alfred the Great was skilled in spinning and taught her 
daughters the art. 
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England however was chiefly a wool growing country, 
and the importance of that industry can be gauged by 
the number of statutes regulating the export of wool 
and by the fact that the Lord Chancellor sits on the 
“Woolsack.” It is also interesting to note that when 
Richard the Lionhearted was imprisoned by the Duke 
of Austria on his return from the Crusades in 1192, his 
ransom was paid in English wool. 

The principal market for English wool was Flanders, 
‘which in the Middle Ages became the chief wool manu- 
facturing country and derived enormous riches from 
it. When William I conquered England in 1066 he 
was accompanied by a number of Flemish weavers; and 
a number of others who were wrecked on the coast 
during his reign settled in the country and carried on 
their trade. Later English Kings, notably Edward III, 
observing the wealth which the Netherlands derived from 
English wool, made great efforts to establish the manu- 
facturing industry in this country. By the offer of 
privileges and protection a number of Flemish weavers 
were induced to bring over their families and teach 
the arts of spinning, weaving and dyeing. But the 
industry did not become securely established until a 
second and much larger influx of skilled weavers came 
over from the low countries to escape the persecution 
of the Spaniards in the sixteenth century. 

England also benefited greatly in the seventeenth 
century by the persecution of the French Huguenots, 
many of whom escaped to this country and set up the 
manufacture of silk in Spitalfields and Macclesfield. 

But cotton is king of the textiles. As already men- 
tioned, India was the home of this branch of the industry 
in the Eastern hemisphere, and fine muslins were among 
the most valuable of its exports to this country up to 
the end of the eighteenth century. Even in ancient 
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times, however, the cotton plant was indigenous in Egypt 
and the Levant, although no use appears to have been 
made of the fibre for textile purposes, probably because 
there was an ample supply of flax and wool to meet 
these requirements. Eventually a knowledge of its 
rianufacture spread over Arabia and the Levant and 
was carried by the Moors into Spain, from whence it 
found its way by France and Flanders into England. 

The earliest reference to the manufacture of cotton 
in England is contained in documents of the latter 
part of the thirteenth century, which mention the pro- 
duction of coarse cotton threads for candle wicks, a 
name which is to this day applied to the very coarsest 
cotton yarn. In sixteenth century writings the name 
“Cottons ”’ is of frequent occurrence, but it is extremely 
unlikely that these were cotton goods in the present- 
day sense of the word. The probability is that they 
were light fabrics woven from wool and flax in imita- 
tion of the cotton fustians of Spain and Flanders. 
This confusion of terms probably arose from the fact 
that Englishmen could not conceive of anything so 
closely resembling wool which had not been taken from 
the back of an animal, and the writer of Mandeville’s 
travels, when referring to the cotton plant, describes a 
small woolly lamb growing on a tree. 

The earliest references to actual cotton goods occur 
in the first half of the seventeenth century, when Lan- 
cashire is mentioned as making “ fustians of a kind of 
bombast or down, being a fruit of the earth.” This 
trade was evidently becoming important, for it was 
specially mentioned that the woven fabrics were ‘ not 
seldom sent to foreign parts.” As time passed, the 
cotton industry began so to rival the woollen industry 
that, in the eighteenth century, people had to be 
forced by law to patronize wool materials. 
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The difficulty in manufacturing cotton fabrics at 
this time was due to the fact that cotton yarn could 
not be spun of sufficient strength to weave as warp, 
and flax or linen yarn had to be used for this purpose 
until the invention of the throstle frame by Arkwright 
in 1767 enabled a sufficiently strong thread to be spun 
from cotton. Before that time, cotton was used only 
for weft. 

Until the middle of the eighteenth century textile 
manufacturing was carried on as a domestic industry, 
that is, the raw material was spun into threads and 
woven into cloth in the homes of the workers, who often 
carried on the work along with some other occupation, 
such as farming. Towards the end of the century, 
however, the application of steam as a motive power 
and the invention of machinery for spinning and weav- 
ing caused the work to be concentrated in factories. 
This change from the domestic to the factory system 
was carried out at a time when England was at war 
with Napoleon, and it was largely owing to the Con- 
tinental demand for English cotton and woollen goods 
that Napoleon was unable to make his blockade of 
England effective. It was also owing to the invention 
of the fly shuttle by Kay; of spmning machinery by 
Hargreaves, Arkwright and Crompton ; and the power 
loom by Cartwright, that the English textile industry 
was enabled to take the leading position in textile 
manufacturing, which it still holds. 


CHAPTER II 
THE WEAVER’S MATERIALS 


TEXTILE fabrics may be defined as fabrics which 
are made from threads of fibrous materials, Threads 
may be defined as filaments of indefinite length and 
sufficiently strong to withstand the strain and friction 
of weaving. Fibres may be defined as filaments which 
are either too short or too delicate to be directly 
converted into fabrics other than those of the felt type. 

The conversion of fibres into threads is the function 
of spinning, which usually comprises the operations of— 

1. Cleaning, or the extraction of impurities. 

2. Straightening and reducing masses of fibres to 
parallel order and forming them into thick strands 
called slivers. 

3. Reducing the slivers to rovings of the requisite 
degree of fineness. 

4, Twisting, to bind the fibres of the reduced strand 
firmly together in the form of a thread or yarn. 

Since yarn is the raw material of the weaver, it will 
be advisable briefly to review the process of spinning 
in order that the features and properties of the various 
kinds may be understood. 

In cotton spinning, the processes of bale breaking, 
opening and scutching roughly comb and beat the 
hard masses of fibres taken from the bales to remove 
heavy impurities, such as sand and seeds, and finally 
deliver the material in the form of a thick sheet or lap. 
Laps are then passed to the carding engine, which 
extracts light impurities such as leaf, broken seed and 
neps or bunches of entangled fibres, and at the same 
time partly straightens out the fibres by combing them 
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with fine wire-covered surfaces, and delivers them in 
the form of a thick soft strand or sliver. A number 
of slivers, usually six or eight, are then combined to- 
gether at the draw frame and passed through four 
pairs of closely set rollers, each succeeding pair revolv- 
ing at an increased speed and drawing fibres out of 
the mass presented to it slightly faster than the pre- 
ceeding pair delivers them. In this manner the thick- 
ness of the issuing sliver is reduced approximately to 
that of one of the original slivers, which means that, 
for every inch of the compound sliver fed to rollers, 
six inches, or eight, of the resultant sliver will be deliv- 
ered ; or, as it is usually expressed, there will be ‘‘a 
draft of six or eight.” Issuing slivers are similarly 
combined and the process repeated up to three times, 
the final sliver being uniform in thickness and the com- 
ponent fibres straight and parallel. Drawn slivers 
are then passed through a series—-two to four in number 
—of machines called ‘‘ speed” or “fly frames” which 
gradually reduce them to thin, soft rovings. These 
are wound upon bobbins and passed to the spinning 
machines. 

The first successful spinning machine was the “ Flyer ”’ 
or ‘‘ Throstle ” frame of Sir Richard Arkwright, in which 
the roving, having been reduced to the required degree 
of fineness by drawing rollers, was twisted into a strong 
compact thread and wound upon a bobbin by means 
of a spindle and flyer. Unsuitability for fine yarns 
and low production have, however, caused this machine 
to become practically obsolete in the cotton trade, and 
its place has been taken by the “ Mule” and the “Ring 
Frame.” In mule spinning, roving is delivered by 
drawing rollers to spindles, which are mounted in a 
carriage and revolved to insert twist as the carriage 
slowly recedes to a point some five feet or more from 
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the rollers, The motion of the latter is thereupon 
stopped and the spindles more rapidly revolved, until 
the suspended thread has been twisted to the requisite 
degree. The carriage is then moved towards the 
rollers and the completed thread coiled upon the spindle 
in the form of a cop, which, upon completion, can be 
drawn off and either transferred to the weaver’s shuttle 
or placed upon another spindle for rewinding, Mule 
yarns are soft, full and comparatively even, and are 
suitable for either warp or weft. The finest yarns can 
be spun only by this machine. In ring spinning, a 
spool or bobbin is mounted on a spindle inside a metal 
ring with smooth flanged edges upon which a piece of 
bent wire, called a traveller, can be clipped to guide 
‘the thread to the bobbin. As the latter revolves with 
the spindle, twist is imparted to the thread and the 
traveller pulled round the ring at a slightly lower speed, 
with the result that the bobbin is enabled to draw the 
thread upon its surface. Thus the processes of drawing, 
twisting and winding proceed simultaneously, and the 
production by each spindle exceeds that of the mule 
which performs these essential operations intermit- 
tently. Ring yarn is stronger and more compactly 
spun than mule yarn, and is therefore more suitable 
for warp yarn than for weft. 

For superior qualities and the finest yarns, the process 
of combing is introduced between carding and drawing, 
with the object of extracting fibres below a certain 
standard of length and any impurities which may have 
escaped the carding process. The resultant yarn is 
smoother, more lustrous and compact than carded or 
uncombed yarn. 

Waste and the shortest of cottons are chiefly spun 
by the condenser system, in which the sheet of fibres 
delivered by the carding engine, instead of being formed 
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into a single sliver, is divided into a number of thin 
strands which are wound upon a bobbin and taken 
direct to the mule. The latter has only one pair of 
rollers, which support and deliver the rovings at a 
slightly lower rate than that at which the carriage and 
spindles move outwards. In this manner the rovings 
are slightly stretched and further reduced in thickness 
and formed into threads of a soft, fibrous and woolly 
character, such as are mainly suitable for weft. 

In flax spinning the fibres are first ‘“‘ scutched”’ or 
beaten to remove particles of adhering woody matter ; 
next ‘‘ hackled’”’ or drawn through combs of graduated 
fineness to separate them and extract the shortest 
fibres or “ tow.” The fibres are then “ spread” to form 
a thick sheet and passed through a pair of rollers, from 
which they are carried by “ gills’ or bars of pins to a 
second pair of rollers of superior speed. These draw 
out and reduce the thickness of the sheet. A number 
of the slivers delivered by the gill boxes are then com- 
bined together for redrawing, and the resultant uniform 
sliver is afterwards reduced in thickness by the drawing 
rollers of roving frames. In the spinning frame, which 
is of the flyer type, the roving is passed through a 
trough of hot water to soften the fibres and render 
them more amenable to the drawing and twisting 
operations. This “ wet” spinning system is used for 
the finer yarns and superior qualities, and produces 
what are called “line” yarns, which are compactly 
spun and therefore strong, smooth, and lustrous. “Tow” 
yarns are spun from the tow or short fibres extracted 
during the hackling process and may be either “ wet ” 
or “dry” spun. In the latter case they are carded 
and spun in the dry state to produce a soft, spongy 
and fibrous thread. 

Jute is first “ batched’ or made into a stack and 
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sprayed with oil and water, then “ softened ’’ by pass- 
age through a large number of pairs of fluted rollers ; 
then carded by the carding engine and drawn by “gills ” 
or pin bars and rollers ; the resultant slivers are reduced 
to rovings and finally spun by a flyer spinning machine. 

The first operation in wool spinning is “ scouring ”’ 
or ‘‘ washing’ to remove grease and foreign matter. 
‘ Willowing”’ or light opening by a spiked cylinder 
then follows to remove dust, after which a blend or 
mixing is made and oiled to facilitate subsequent 
treatment. This varies considerably according to the 
style of the ultimate yarn, which may be either (a) 
woollen or (6) worsted. Woollen yarns are soft, spongy, 
elastic and oozy or fibrous, and the fabrics produced 
from them have a dull surface, in which the thread 
structure is more or less obliterated by the milling 
process through which woollens are usually passed. 
Worsted yarns are more compactly spun and have a 
clear surface; hence they produce stronger and more 
lustrous fabrics. Roughly, it may be said that in 
woollen spinning fibres are carded and condensed and 
mule spun, while worsted spinning comprises carding, 
combing, drawing, and ring or flyer spinning. Also 
woollen is generally spun from the shorter wools and 
worsted from the longer ones, but there are many 
combinations of the two systems. 

The silk fibre already possesses one of the essential 
qualities of yarn, namely, adequate length; hence 
silk spinning or, as it is more correctly termed, “‘ throw- 
ing”’ mainly consists of placing together a sufficient 
number of fibres to produce a thread of the desired 
strength and thickness. Reeling is the first operation. 
A number of cocoons are here placed in a bowl of hot 
water, and the fibres therefrom gathered together into 
a single thread, which is wound upon a reel. During 
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the process, fibres from additional cocoons are taken 
up, either to take the place of those which have run 
out, or to compensate for the gradually decreasing 
thickness of the individual fibres. Reeling is per- 
formed in the silk-producing districts and the material 
reaches the spinner or thrower in the form of large 
hanks. These are first tested and sorted into their 
various sizes or thicknesses, after which they are wound 
upon bobbins and “ cleared ’’ of faulty places. Follow- 
ing this, threads from a number of bobbins, according 
to the fineness of the thread required, are wound 
together. For ‘‘ organzine,” or warp yarn, the combined 
thread is twisted to give the required strength, but, 
in the case of “ tram ”’ or weft, the thread may be either 
only slightly twisted or not twisted at all, in the latter 
case it being termed ‘no throw.” 

The above system produces!“ thrown” or “net” 
sik. “Spun” or ‘“schappe”’ silk is produced from 
damaged cocoons and from waste which has been made 
in throwing and weaving operations. These are reduced to 
short fibres and spun somewhat after the manner of cotton. 

The threads produced by the ordinary operations 
of spinning as above described are termed “ singles ”’ 
or “single yarns,” and are distinguished by the fact 
that, when untwisted, they are resolved into their con- 
Stituent fibres. For certain purposes such as abnor- 
mally strong cloths, sewings, lace, knittings and soft, 
full handling cloths, single yarns may be deficient in 
strength, smoothness, or bulk. In such cases the 
operation of doubling is employed in which a number 
of singles are placed together and twisted. The pro- 
cess is also used to produce fancy threads or “ twists ” 
in which threads of different colours, materials, or 


1 The earliest meaning of ‘‘ to throw” is “ to twist,” from the 
Anglo-Saxon thrawan. 
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thicknesses are doubled together at uniform or varying 
rates of delivery. 

Yarn Counting or Numbering. It will be evident 
that the sizes of spun threads must be capable of more 
exact definition than is possible by the use of the merely 
relative terms “ fine’’ and “coarse,” or “‘ thick ’’ and 
“thin.” This is the function of the terms “ count,” 
“number,” “size”? and “grist,” which are used in 
different branches of the textile industry. These terms 
may be defined as “a number which indicates the 
relationship between the Jength and weight of yarn.” 
Such relationship may be expressed either (a) in terms 
of length units per weight unit, or (6) in terms of weight 
units per length unit. Thus the count of cotton yarn 
indicates the number of hanks of 840 yards each con- 
tained in 1 Ib. of yarn, i.e. 20’s cotton yarn has 20 hanks, 
or 20 x 840 = 16,800 yards in 1 lb. The grist of jute 
yarn indicates the weight in Ibs. of a spyndle of 14,400 
yds., 1.e. a spyndle of 8lbs. yarn weighs 8lbs., and there- 
fore has 14,400 — 8 = 1,800 yds. per lb. The units of 
length and weight vary considerably in different districts 
and branches of the industry as shown by the following 
tables, which give the more important systems of yarn 
numbering— 


(a) FIXED WEIGHT SYSTEMS 


System. Length Unit. Weight Unit. 
English cotton . : - Hank of 840 yds. 1 Ib. 
Worsted 560 _,, 1 Ib. 
Yorkshire woollen Skein of 1,536 _,, 6 Ibs. 
Wet spun linen ; Lea of 300 ,, 1 Ib. 
Spun silk : ‘ Hank of 840 ,, 1 Ib. 

(b) FIXED LENGTH SYSTEMS 
Jute and dryspunlinen . Spyndle of 1 Ib. 
14,400 yds. 
Net silk, English system . Hank of 1,000 ,, 1 dram 


Net silk, Continental system, a 520 ,, Idenier (5334 
deniers = 1 oz. 
avoir.) 


CHAPTER III 
THE PREPARATION OF YARN FOR WEAVING 


BEcAUsE either of its form or of its condition, the yarn 
produced by the spinning machines must, with one 
exception, undergo certain preparatory processes before 
it is ready for weaving. The nature and extent of these 
processes vary according to the nature of the material, 
the style of the yarn, the style and ultimate use of the 
cloth to be woven, the form in which the yarn is 
spun and sold by the spinner, and the size and 
organization of the weaving establishment. 

Thus the processes are different for cotton and silk, 
for single twist and folded yarns, for grey and coloured 
goods, for cloths which have to undergo processes 
subsequent to weaving and those which are used in the 
loom state. Some yarns, notably ring spun yarns, are 
usually sold in a more advanced state of preparation 
than others, and the processes are often influenced by 
the number of looms to be supplied, and the productive 
capacity of certain machines in the equipment which 
it is desired to keep fully employed. 

The general objects of these processes are— 

1. (a) To gather together in sufficient number and 
length the threads to form the warp for the desired 
cloth. 

(b) To prepare such threads to withstand the strain 
and friction of weaving, and 

(c) To coil the threads evenly and in their proper 
order upon a beam or flanged roller which can be placed 
in the loom. 

2. To convert weft yarn inte a form convenient for 
the shuttle. The exceptional case of yarn which does 
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not require preparation for weaving is mule and ring 
weft, the former of which can be formed into cops, and 
the latter wound upon tubes of convenient size for the 
shuttle. The usual forms in which cotton yarns are 
supplied are shown in Fig. 1. 

The various systems of warp preparation may be 
illustrated by those in general use in the cotton trade, 
which are set out below in diagrammatic form beginning 
in each case with the yarn as it leaves the spinning 
machine. Thus mule or ring yarn for grey goods is 
first wound upon spools.and therefrom passed through 
one of the three systems outlined at (a), (b) and (c). 
For coloured goods five systems, (d) to (%), are shown. 


FOR GREY GOODS 
Mule Cop or Ring Bobbin. 


Twist Winding. 


| | | 
(a) (5) (c) 


Beam Warping. Mill Warping. Section Warping. 
Slasher Sizing. Ball Sizing. Ball Sizing. 
Beaming. Beaming. 


FOR COLOURED GOODS 
Mule Cop or Ring Bobbin. 
| 


| | 
Twist Winding. Reeling. 


| 
(2) a0 - 
Mill §§ Chaining or Hank Winding ; 
Warping, Balling. 
Dyeing and Dyeing and | | | 
Sizing in Sizing in (f) (g) (h) 
the chain. the chain. Section Mill Beam 
Yorkshire Beam Warping. Warping. Warping. 
Dressing. Warping. Rebeaming. Beaming. Scotch 
Scotch Dressing. 
Dressing. 


Hank Bleaching or Dyeing and Sizing. 








ce RNa a SEY 
SP OEM A OS Mer 


A. Mule twist cop I. 

B. Mule cop, bastard size J. 

CC, Mule weft or pm cops K, 
D. Ring twist bobbin L. 
E. Ring twist tube M, 
Fk. Ring weft pirn N. 
GG, Weft pirn tubes 

HHH. Weft pirn bobbins 0. 


FORMS IN WHICH 





Warping bobbin PQ. Press bundles 
Warping cheese R. Long bundle 
Bottle bobbin S. Ball warp 
Cone Chain warp 
Seven lea hank U. 
Grant or diamond-_ Vz. 

reeled hank 
Cross-reeled hank 


COTTON YARNS ARE MADE UP 


Cross-balled warp 
Back beam 
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For grey, i.e. unbleached and undyed goods, system 
(a) is by far the most used on account of its greater 
economy, which depends upon the fact that a con- 
tinuous length of yarn sufficient to fill a considerable 
number of loom beams can be prepared in one operation. 
Systems (b) and (c) are chiefly used in small mills and 
for specialities, being convenient for small orders 
but otherwise expensive because they prepare only 
sufficient length to fill one loom beam. 

The coloured branch of the cotton trade comprises 
the manufacture of striped and checked fabrics from 
bleached and dyed yarns. Smaller orders and a greater 
diversity of yarns have to be dealt with ; hence there 
is a greater diversity in the systems of preparation. 
System (d) is largely used in certain districts, and is 
considered to be economical for one warp to a pattern 
when there are not more than three or four colours or 
kinds of yarn. In other districts, system (f) is pre- 
ferred because of its adaptability to all kinds of work 
and for the expedition with which an order can be com- 
pleted, there being as a rule a shorter interval between 
the time of ordering and receiving bundles than warps. 
System (g) generally requires skilled male labour and 
is therefore more expensive than (/), for which female 
labour is employed. Systems (¢) and (f) are most 
advantageous for long lengths of cloth of the same 
pattern. 

With slight modifications, systems (a) and (3) are used 
for linen, jute and worsted yarns ; (f) and (g) for silk, 
but without the sizing, while certain classes of woollen 
yarns are section warped direct from the mule cop and 
beamed upon the loom beam without sizing. 

In every case, the process last mentioned is followed 
by drawing-in or entering or passing the warp threads 
through the heald eyes and reed, which must be done 
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with new healds, or by twisting, tieing-in or otherwise 
connecting the threads of a new warp to those of a similar 
exhausted warp. 

If drawing-in and twisting be omitted, it will be found 
that warp preparation comprises four main operations, 
namely, winding, warping, sizing and beaming, and these 
may now be briefly examined in detail. 

In winding, the yarn is, as far as possible, cleared of 
faulty places and impurities and transferred to large 
bobbins or spools, or wound in the form of cheeses or 
cones upon tubes, each of which is capable of holding 
continuous lengths ranging from several ounces of the 
finest to as many pounds of the coarsest yarns. In 
the vertical spindle winder, Fig. 2, which is used for grey 
cotton yarn, the bobbins to be filled are carried by 
revolving spindles, and the threads from cops or ring 
bobbins passed over a drag board and through a fine 
slit in a guide plate to the bobbins. As the latter 
revolve, the plate is caused to rise and fall slowly and 
guide the threads up and down in close spirals between 
the flanges of the bobbins. In cheese winding a tube 
is placed upon a spindle and the thread given a quick 
horizontal traverse so that a package with self support- 
ing ends may be built up. Cones are produced in a 
similar manner but the tube in that case has one end 
greater in diameter than the other. Fig. 3 shows a 
cone winder. The drum winder, Fig. 4, is used for 
hanks which are supported on rices or cages. The 
bobbin barrels rest upon horizontal drums and the 
friction between the two surfaces enables the threads 
to be drawn from the hanks, the traverse of course 
being from flange to flange. For silk winding, how- 
ever, the spindle, which is passed through the bobbin, 
is provided with bosses; these grip the flanges and 
rest upon revolving discs, so that the objectionable 
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friction between the thread and the drum may be 
avoided. 

In warping, the bobbins or spools prepared by the 
winder are placed in a creel and the threads— 

(a) Coiled in layers upon a large vertical reel or mill 
(see Fig. 5), and afterwards withdrawn in the form of 
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a rope and made into a ball, as shown in Fig. 1, whence 
the name “mill” or “ ball warping,” or 

(b) Withdrawn in the form of a loose rope and linked 
into a chain as in Fig. 6, or wound upon a spool as shown 
at U, in Fig. 1. 

(c) Wound in the form of a broad sheet upon a large 
flanged roller which is known as a “ back beam,” the 
process being known as beam warping. See Figs. 1 
and 7, 

(2) Wound in the form of nar.ow tapes, side by side, 
upon a large horizontal reel from which the com- 
bined sheet is rewound upon the loom beam. This 
is the standard method for silk and wool yarns. See 
Fig. 8 ; or 
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(e) Wound in the form of narrow sheets upon circular 
blocks which can afterwards be placed side by side to 
enable the completed warp to be rewound upon the 
loom beam. This method is known as “Section 
Warping,’ and along with method (d) has the advan- 
tage of placing the threads upon the loom beam in the 
exact order which they occupy in the creel. See Fig. 9. 

In methods (a) (d) and (e) there is no limit to the 
number of threads which can be brought together, but 
the length is sufficient only for one loom beam. In 
methods (b) and (c) the number of threads in the 
rope or on the beam is limited by the bobbin capacity 
of the creel, which is usually about 500; hence the 
threads from a number of balls or beams must be com- 
bined to form a warp, but the length of the combined 
threads may be sufficient to fill a number of loom beams. 

The chief object of sizing is to increase the strength 
and smoothness of warp threads and thereby enable 
them to withstand the strain and friction to which 
they are subjected during weaving. The process is 
essential for single twist yarns of a fibrous character, 
and generally for all yarns when the cloth to be woven 
has a considerable number of weft threads to the inch. 
It is therefore invariably required for cotton, linen 
and worsted, but is seldom required for silk and strong 
folded yarns, and is sometimes omitted for jute and 
woollen. The process consists of coating or impreg- 
nating the thread with a mixture of adhesive and 
lubricating substances which will bind the fibres more 
firmly together, particularly those only partly incor- 
porated during spinning. This, together with the nature 
of the substances used, gives the necessary weaving 
strength and smoothness. Advantage can also be 
taken of the process to load the threads with substances 
which will increase their weight and bulk and thereby 
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improve the appearance and handle of the cloth ; this 
is especially the case with certain classes of cotton goods 
which are sold and used in the loom state. The 
ingredients used for sizing purposes include— 

(a) ‘‘ Adhesives,’ which comprise various kinds of 
flour, starches, gums and glue. These serve to strengthen 
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the yarn and fix other substances firmly upon the 
threads ; 

(b) “ Softeners,” which lubricate the thread and 
neutralize the harshness imparted by the adhesives. 
They include tallow and other fats, oil, wax, glycerine 
and soap ; 

(c) “‘ Weighting ” substances, of which china clay 
is the most important for grey yarns and sulphate of 
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magnesia (Epsom Salts) and sulphate of soda (Glauber’s 
Salts) for coloured yarns ; 

(d) “‘ Deliquescents,” or substances to keep the sized 
yarn moist and pliable and also to enable the adhesives 
to keep a firm hold upon other substances of a powdery 
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nature. Magnesium chloride is almost exclusively 
used for this purpose ; 

(e) “ Antiseptics,’ or substances to destroy or pre- 
vent the growth of mildew, for which purpose zinc 
chloride is chiefly used. 

The composition of size mixings, even for a single 
class of material, is much too varied to be dealt with 
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in a work of this description. It may, however, be said 
that for a “ pure” size, or one which will impart the 
requisite weaving properties to the yarn, suitable pro- 
portions of adhesives and softeners give all that is 
required, and this is the general rule for cloth which 
has to be bleached, dyed or otherwise finished. But, 
for “medium” and “heavy” sizing, which increase 
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the weight of the yarn by 20 per cent to 200 per cent, 
suitable proportions of each of the other three classes 
of ingredients also must be added. 

In the hand loom days, the warp was beamed in the 
soft state and size was applied by means of a flat brush 
which was lightly passed over the sheet of threads 
stretched between the healds and warp beam. A hot 
iron was then held close to the threads and air fanned 
upon them until they were dry, after which a brushing 
of tallow completed the operation. This method which 
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was known as dressing, produced an ideal thread for 
weaving purposes, the fibres being well incorporated 
and bound together, and the maximum strength and 
smoothness imparted; but obviously the output of 
the loom was greatly interfered with. Ball sizing was 
then adopted. In this method the rope of threads 
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Fig 9 
SECTION WARPER 


produced by the ball warper was saturated by passage 
through a solution of hot size and a pair of squeezing 
rollers; dried by steam cylinders, and beamed when 
required by a separate machine. The method is still 
in use and, although comparatively expensive because 
of the amount of handling required, has the advantages 
of permitting the operation to be repeated when extra 
strength or very heavy sizing is required, and also of 
leaving an interval between drying and beaming during 
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which the threads can regain their elasticity and 
suppleness. 

Ball sizing is, however, unsuitable for the finest yarns, 
and improvement in this respect was obtained by the 
invention of the dressing frame, Fig. 10, and its adjunct, 
the beam warper, Fig. 7. In this method the threads 
to form a warp are divided over a number of back beams, 
the whole containing sufficient yarn to fill a number 
of loom beams. Half of the beams are placed at 
either end of the frame and the threads therefrom 
combined into a single broad sheet, which is impreg- 
nated with size by passage between a pair of rollers, 
of which the lower one is partly immersed in size. 
The threads are then gently brushed by revolving 
brushes and dried by hot air, after which the sheets 
from the two ends of the frame are combined and run 
on the loom beam at the centre. During the process 
the threads are kept separate by rods and reeds, 
and the result is a very close imitation of hand 
dressing. 

Dressing is the standard method of sizing linen yarns, 
but is too expensive for cottons, save those of the very 
finest counts. For the ordinary run of cotton yarns 
the slasher sizing machine, Fig. 11, is almost univer- 
sally employed. This may be described as a develop- 
ment of the dressing frame, from which it differs mainly 
in the method of drying adopted. The whole of the 
back beams are placed at the rear of the machine and 
the several sheets superimposed to form a single sheet, 
which is immersed in boiling size, passed between one 
or two pairs of squeezing rollers to complete the satur- 
ation of the threads and press out any superfluity of 
size, and then round the surface of two large revolving 
steam cylinders, which rapidly dry the yarn. On 
leaving the cylinders the threads are practically glued 
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together, and have to be somewhat roughly separated 
into the original sheets by a series of dividing rods and 
further opened by a reed which also contracts the sheet 
to the required width for the loom beam, upon which 
it is then wound. The saturation, drying and beam- 
ing of the warp are thus carried out in a single opera- 
tion and at a high rate of speed, and this, together 
with the fact that a continuous length of yarn many 
thousands of yards long can be treated almost with- 
out stoppage, reduces the cost to a minimum. The 
application of the size in a boiling condition also enables 
weighting ingredients to be easily applied. Whilst 
the result is greatly inferior to that obtained by dress- 
ing, the yarn being comparatively harsh, brittle and 
fibrous, it is nevertheless sufficiently good for the 
ordinary requirements of cotton goods. When a better 
quality of sizing is required the yarn is passed through 
a hot air chamber instead of round steam cylinders ; 
this does not impair the strength and elasticity of the 
threads to the same extent, but a longer time is required 
for drying. The hot air type of machine is invariably 
used for wool yarns. \ 

The usual type of sizing or starching machine for 
jute yarns is similar to the dressing frame (Fig. 10), 
with the exception that small cylinders are provided 
for drying and the threads are drawn direct from spools 
in creels at the ends of the frame, this being possible 
because of the small number of threads required for 
jute warps. 

Hank sizing is practically confined to coloured and 
bleached yarns, which are, as a rule, only lightly sized. 
In the common form of hank sizer, shown at Fig. 12, 
the hanks are hung upon revolving rollers so that their 
lower ends may enter the size. When they have 
become sufficiently saturated, the hanks are placed 
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upon hooks and twisted to remove the excess size and 
afterwards hung in a stove to dry. 

The beaming of ball and chain warps is a compar- 
atively simple operation. It consists of passing the 
rope of threads between tensioning rollers and opening 
it out to a sheet of the required width by the aid of a 
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coarse reed or raddle, each split of which receives one 
or more of the half-beers, or groups of threads, formed 
by the warper. The threads are then made fast to the 
loom beam, which is revolved to draw the sheet upon 
its surface. At the end of the warp an “end and end 
lease’ or crossing of the threads, also formed by the 
warper, enables the drawer-in or twister to select them 
in their proper order. Fig. 13 shows the Yorkshire 
dressing frame which is used for the beaming of 
coloured stripe warps. Separate balls of each colour 
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are provided, and the threads, after passage through a 
tensioning ladder, are arranged in the required order 
in a reed and wound upon the loom beam. 

The Preparation of Weft Yarn. As was previously 
stated, some mule and ring wefts are ready for the 
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shuttle as they are taken from the spinning spindles, 
But, in other cases, some preparation is required either 
to bring it to the desired condition, or to convert it 
into a form which is suitable for the shuttle. Thus 
weft yarn may require to be bleached or dyed, or occa- 
sionally to be sized; or it may have been spun into 
cops of a size too large for the shuttle ; or upon bobbins 
or tubes of unsuitable shape. 

Bleaching, dyeing and sizing are usually done in the 
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hank form, but for the warp pirning machine shown 
at Fig. 14, the processes are done in the chain form. 
Cop bleaching and dyeing are also done to a consider- 
able extent, in which case reeling into hanks and sub- 
sequent pirn winding are not required, but the saving 
thus affected is largely discounted by the increased 
amount of waste made in weaving. 

When rewinding is necessary it is usually performed 
by a pirn winder, of which there are a number of types. 
These transfer the yarn to paper tubes or wooden pirns 
of suitable size for the shuttle and in a manner which 
will permit of easy withdrawal during weaving. Modern 
machines, such as the one shown at Fig. 15, also wind 
the thread more compactly than is possible during 
spinning and thereby enable a greater quantity to be 
placed in the shuttle. For this reason rewinding is 
now done even with mule wefts. The very coarsest 
yarns are generally rewound into solid cops of correct 
size for the shuttle, which is thus enabled to carry the 
maximum supply of weft. 


CHAPTER IV 


THE PRINCIPLES OF FABRIC STRUCTURE 
AND THE ELEMENTARY WEAVES 


THREADS may be converted into fabrics (a) by looping, 
(b) by twisting and (c) by interlacing, and upon this 
are founded the three branches of the textile industry, 
viz., the hosiery, the lace, and the cloth branches. 

A fabric can also be made by the process of felting, 
in which sheets of fibres,:usually wool, are placed upon 
one another and subjected to pressure and friction 
whilst in a hot solution of soap. This causes the fibres 
of the different layers to mat together, or interlock 
with each other, in such a manner as to produce a dense 
fibrous mass of moderate strength and durability, 
such as may be used for carpets, table covers, and 
similar purposes. Felt may therefore be termed a 
fibre structure, and for this reason it cannot be classed 
with the true textile fabrics, which are essentially thread 
structures. 

Loop structures comprise knitted goods or hosiery. 
In their simplest form, these are made from a single 
thread which is formed into a succession of rows of 
loops, the loops of one row being passed through those 
of.the preceding row, as shown in Fig. 16, and forming 
a close elastic structure, which can be shaped to any 
desired fashion and unravelled into the original single 
thread if cut at any point. 

Twisted structures comprise a variety of complicated 
and widely differing structures which are known as 
“Lace” and “Net.” The simplest type may be said 
to consist of a series of threads which are twisted round 
one another in groups, the groups being united and 
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pattern developed by the method of twisting adopted. 
Fig. 17 shows a simple style of net. The fabrics in 
this group may also be described as warp structures, 
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since the threads are prepared in the form of a warp. 
They are characterized by extreme openness and light- 
ness, and are stronger than any other fabrics of equal 
weight and material, 
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Interlaced structures are produced by interlacing 
threads, and comprise two distinct types, namely, 
plaited structures, and woven structures. The first 
type is essentially a warp structure, and is produced 
by the diagonal interlacing of a series of warp threads 
as shown in Fig. 18, in which it will be observed that 
the direction of the threads is reversed as they reach 
the edges. The principle is, however, applicable only 
in the production of narrow wares, such as tapes, bands 
and ribbons. 

The second and more important group of interlaced 
structures consists essentially of two distinct series of 
threads which are interlaced with one another at mght 
angles. The lengthwise series of the threads is termed 
the “ warp”’ or “ chain,” and the transverse or cross- 
wise series the “ weft,” or “‘ woof”’ or ‘‘ shoot,” respec- 
tively. This method of interlacing is shown at Figs. 
19 and 19a. 

Woven fabrics are comparatively easy to produce 
and ornament, and there is practically no limit to their 
width, weight and bulk. 

The Classification of Woven Fabrics. Various class- 
ifications of woven fabrics have been suggested, but 
they may, for our present purposes, be divided into 
three groups, namely— 

1. Ordinary woven fabrics, in which warp and weft 
threads interlace as above described. These may be 
sub-divided into— 

(a) Single-make fabrics, which contain only one 
series of warp threads, and one series of weft 
threads : and : 

(b) Double or compound fabrics, which contain two 
or more series of threads in either or both direc- 
tions. See Fig. 20, which shows two separate 
cloths, joined together at the edges to form a 
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tube, and Fig. 21 which shows three cloths 
joined together uniformly to produce a strong 
fabric. 

2. Cross-woven fabrics in which warp threads are 
caused to twist or cross, either partly or wholly, round 
one another, and interlace with the weft, first on one 
side and then on the other of adjacent threads as shown 
by Figs. 22 and 22a. This group includes the fabrics 
known as ‘“‘ gauze ’’ and “ leno.” 

3. Pile or plush fabrics. In this group, threads are 
caused to project from a ground or foundation fabric 
and thereby form a pile or brush-like surface. Such 
pile may be formed by warp threads as in velvets, 
carpets and Turkish towelling; or by the weft, as in 
velveteen and corduroy. Fig. 23 shows the structure 
of warp pile and Fig. 24 the structure of weft pile, the 
latter representing the cloth as it leaves the loom and 
before the pile threads are cut to form the pile at the 
points indicated by the arrow. 

Weaves. A weave may be defined as a scheme of 
interlacing. 

The repeat of a weave is the number of threads required 
for the complete scheme of interlacing. 

A design is the plan or representation of a weave. 

With one or two minor exceptions, all weaves are 
repeated a number of times in the width and length 
of a piece of cloth, such repetition being necessary by 
reason of the limited number of threads which can be 
separately controlled. It will, therefore, be obvious 
that designs must be arranged in such a manner that 
perfect patterns will result when they are so repeated. 

There are three methods of representing weaves, 
namely— 

1. By the plan and section, as shown by Figs. 19 
and 19a. Whilst this method is simple and easily 
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understood and is useful in the analysis of complicated 
structures, it is too cumbersome for ordinary purposes, 

2, By drawing horizontal and vertical lines across 
one another to represent weft and warp threads respec- 
tively, and marking the intersections thereof at the 
points where one of the two sets of threads appears 
on the surface. The marks may represent either warp 
threads or weft threads on the surface, but not both 
in the same design. See Fig. 25, which represents the 
interlacement of six warp threads with the same number 
of weft threads; the crosses indicating the points at 
which warp threads are above the weft, and the un- 
marked places those at which weft threads cover the 
warp. This method is convenient for weaves of small 
repeat. 

3. By using ‘ squared,” “‘ point,” or ‘design ”’ paper 
and taking horizontal spaces to represent weft threads, 
and vertical: spaces to represent warp threads. Marks 
are placed within the spaces to indicate the point at 
which one of the two sets of threads 1s uppermost. 
In the cotton trade it is usual to mark warp risers, 
le. to indicate by marks the points at which warp 
threads cover the weft. The blanks then indicate the 
points where weft threads cover the warp. See Figs. 
26 and 27. (In the woollen and worsted industry the 
contrary method is usually adopted, i.e. marks represent 
weft threads and blanks warp threads on the surface.) 
The advantage of this method is that designs of 
large repeat can be easily and quickly prepared on 
paper of convenient size. 

The Elementary or Fundamental Weaves. There 
are three elementary or fundamental weaves, namely— 

1 The plain, calico, or tabby weave, 

2. The twill weave, and 

3. The satin or sateen weave. 
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These are called elementary or fundamental weaves 
because they are the simplest weaves of a distinctive 
character, and they form the basis upon which other 
weaves are constructed. 

The plain weave is the simplest and most used of 
all weaves. It consists of interlacing warp and weft 
threads alternately under and over one another as 
shown in the plan and section, Figs. 19 and 19a, and 
the point paper design, Fig. 26. This weave has the 
maximum amount of interlacing, and when the warp 
and weft threads are equal in number and thickness— 
in which case the resultant cloth is said to be a true 
plain cloth—each set of threads bends equally during 
weaving. Each thread thus lies in the hollows of the 
opposite set and is thereby enabled to offer resistance 
to forces which may tend to displace it. The result 
is a Closely woven fabric of greater firmness and strength 
than that produced by any other ordinary weave. This 
accounts for the extensive use of the plain weave for 
the lightest as well as the heaviest of fabrics. 

Owing to the frequency of the interlacing, plain 
woven fabrics usually have level surfaces, and are 
free from pattern markings. But these conditions 
can be considerably modified in several ways. Thus, 
by using extra hard twisted yarns we obtain the well- 
known crépe cloth in which the abnormal amount 
of twist causes the cloth to shrink to an extraordinary 
degree and develop a crinkly surface. An uneven 
surface is also produced if the warp threads are woven 
too slack ; if they are arranged in groups of tight and 
slack threads “crimp stripes’’ are produced, while 
a fine ribbed effect is produced when alternate threads 
are woven very tight and intermediate threads very 
slack. If a considerable alteration be made in the 
proportioning of the warp and weft threads, well defined 
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cords or ribs are developed. In poplins a very large 
number of fine warp threads are used along with a small 
number of very coarse weft threads. The fine warp 
bends round and completely covers the weft threads, 
which, by reason of their thickness, lie straight and 
form pronounced ribs across the width of the cloth. 
By reversing these conditions and using coarse warp 
and fine weft threads, ribs with a weft face are developed 
along the length of the cloth as seen in moreen skirting 
fabrics. In the true “repp”’ fabric, fine and coarse 
threads are arranged alternately in both warp and weft. 
The fine warp threads are held very tight, and all are 
lifted above the fine weft threads. The coarse warp 
is held moderately slack and its threads are all lifted 
when the coarse weft is inserted. In this manner 
transverse cords of a more pronounced character than 
the poplin cords are produced. Figs. 28 and 29 show 
sections of a poplin, and Fig. 30 a section of a repp. 

The Twill Weave. In any departure from the plain 
weave, the threads of one set must be “floated ”’ or 
passed over consecutive threads of the other set. Three 
important results follow this change in the order of 
interlacing, namely— 

1. The firmness and strength of the cloth is reduced, 
because the threads do not support one another when 
they float, as they do when they interlace. 

2. A heavier and bulkier fabric can be woven because 
the spaces left by the omitted intersections can be 
filled by increasing either the number or the thickness 
of the threads, and 

3. Pattern can be developed by varying the length 
of the float, 1.e. the number of threads passed over, 
according to the outline of the figure required. 

The twill weave is the simplest figured weave, and 
the figure or pattern produced by it consists of diagonal 
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lines, which are developed by arranging floats to advance 
thread by thread in a diagonal direction, Such direc- 
tion may be either from right to left upward, in which 
case the twill is described as a “‘ twill to the left’; or 
from left to right upward, in which case it is said to 
“run” or “twill to the right.” In cotton fabrics 
twills usually run to the left, but in woollens, worsteds 
and silks, they are usually in the contrary direction. 
The surface float may consist either of warp or of weft 
threads, or there may be floats of both sets of threads. 
In the first case, the effect is one-sided, because one 
set of threads predominates on the surface. In the 
second case, it is either one-sided or reversible, according 
as the floats are unequal or equal. 

’ In simple or regular twills the diagonal lines are 
of a plain and uniform character, because the floats 
are caused to “step ’”’ or advance one “end,” or warp 
thread, for each “‘ pick”’ or weft thread, in the desired 
direction. Also there are as many ends as picks in the 
repeat. 

In designing a regular twill weave the repeat and 
length of float or floats are first settled. The length 
of float depends chiefly upon the fineness of the cloth 
to be woven and the style of twill required. Thus a 
float of four threads in a cloth with 40 threads to the 
inch is the same length as a float of eight threads in a 
cloth with 80 ends to the inch, but obviously, the shorter 
the float the firmer the fabric. When these points 
have been decided, the interlacing of the first thread 
of weft with the required number of warp threads is 
marked out on point paper and the float stepped off 
one end each successive pick in the desired direction. 

Designs 31 and 32 show the 3-thread twill with weft 
and warp faces respectively. In the cotton trade these 
are known as the Jean and Jeanette twill, and are used 
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when a light firmly woven twilled cloth is required. 
Design 33 is the well known Harvard, sheeting, shal- 
loon or serge twill which is largely used on account of 
the combination of strength and fullness given to the 
cloth. Design 35 is the Florentine twill, used for cotton 
drill suitings and design 36 the Beatrice twill, used for 
lining fabrics. 

Designs 37 to 42 show how the twill lines may be 
varied to suit the size of float and firmness of cloth 
desired ; 43 is a ‘‘ shaded” twill, 44 a “ wave” or 
‘zig-zag ’’ twill in which the lines are reversed about 
a central thread ; 45 and 46 are “ herring-bone ”’ twills 
which form pronounced stripes owing to the reversal 
of the face of the twill along with its direction. 

The Satin or Sateen Weave. The terms “satin” 
and “sateen ’’ are generally used to describe particular 
styles of fabrics woven from silk and cotton respec- 
tively. But in the present case the terms must be 
understood to relate to weaves which produce cloth 
having a smooth, lustrous and patternless surface. 

To secure these features either the minimum number 
of warp threads, 1.e. one to the repeat, or the maximum 
number, Le. all except one to the repeat, are lifted for 
each pick of weft, and the intersections are arranged 
in such a manner that they are covered by the floats 
of adjacent threads. This will clearly be seen on com- 
paring the twill and satin sections, Figs. 47 and 48. 
The resulting one-sided effect is further emphasized by 
making the surface threads much greater in number 
and finer in counts than the opposite set. In silk fabrics 
the difference between the number and fineness of the 
warp and weft thread is usually so great that the inter- 
lacings and under set of threads are completely obscured, 
and the surface corresponds with that described above. 
But in other fabrics the difference is not so marked, 
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and faint twill lines are developed which may, however, 
be neutralized by the direction of the spinning twist 
of the surface threads. 

The rules for the construction of satin or sateen 
weaves are as follows— 

1. For each pick of weft either lift or leave down 
only one warp thread in the repeat according as a weft 
or a warp surface is required. 

2. Distribute the intersections evenly and in such 
a manner that no two consecutive warp threads inter- 
lace with consecutive weft threads, i.e. leave an interval 
between the warp threads lifted for consecutive picks. 

To obtain a suitable interval between the inter- 
sections, divide the number of threads in the repeat 
into two unequal parts such that (a) neither divides 
evenly into the other nor into the repeat, and (b) both 
cannot be evenly divided by a third number. Thus 
for a 10-end satin weave, neither 1 nor 9, and neither 
2 nor 8 can be used because of (a) and neither 4 nor 6 
can be used because of (d). But either 3 or 7 can be 
used. 

Designs 57 and 58 show the resulting weaves with 
weit faces and 59 and 60 with warp faces. It will be 
Observed that the arrangement of the intersections 
is the same in each case, save that they incline in oppo- 
site directions. This is because 7 and 3 are comple- 
mentary numbers of 10, Le. together make up 10. 
When numbers which are not complementary can be 
used, as in odd thread repeats, more than one arrange- 
ment is possible as shown by the 11-end satins, 
designs 61 to 64, the interval nearest to half of the 
repeat being generally the best. 

When no interval which fulfils the required conditions 
can be found for the required repeat, the intersections 
must be arranged either in an irregular order, or so that 
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two come together. The weave is then said to be an 
“imperfect ’’ satin, of which there are two examples, 
namely, the 4-end, design 49, called a satinette, and the 
6-end satins, designs 53 and 54. 

For cotton and linen fabrics the 5-end satins, 
designs 50 and 51, and the 8-end satin, designs 55 and 56, 
are chiefly used both for plain satins and as ground 
weaves for figured designs. Satin weaves of larger 
repeat are only used when the fineness of the cloth 
exceeds that of ordinary cottons and linens. The 
sixteen thread weave, design 65, is frequently used in 
the silk trade, in which fabrics with several hundreds 
of threads to the inch are not uncommon. 

The Preparation of Working Plans for Weaving. 
During weaving it is necessary to form “sheds’’ or 
divisions in the warp threads, through which a shuttle 
containing the weft can be passed. The upper line 
of this division must contain all warp threads which 
require to be above the weft, and the lower line all 
threads which require to be below it. For this purpose 
the warp threads are passed through the eyes of healds 
or loops of twine, which in the case of weaves of small 
repeat are attached to thin wooden staves or shafts, 
so that by a single movement of one or more of the 
shafts the requisite opening can be formed. This will 
be understood by reference to Fig. 66, which shows 
how the warp is mounted in the loom; a being the 
‘warp beam, b the back bearer, c the lease rods, d the 
healds, ¢ the reed, f the breast roller and g the cloth 
roller. 

Before weaving can be begun, it 1s therefore necessary 
to determine (a) the number of shafts of healds required 
to produce the desired weave, (b) the order in which 
the warp threads must be drawn through the eyes of 
the several shafts, and (c) the order in which the shafts 
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must be raised and depressed to produce the desired 
pattern. 

As regards (a) there must be as many shafts of healds 
as the weave contains warp threads which interlace 
differently from one another. For example, in the 
4-thread mat weave, design A, Fig. 71, the'warp threads 
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interlace in two ways, hence two shafts are required 
for that weave ; but in the 4-thread twill, design A, 
Fig. 72, no two threads work alike; therefore it 
requires four shafts. 

(2) All warp threads which work alike can be con- 
trolled by the same shaft. Thus, threads 1 and 2 of the 
mat weave can be drawn upon the same shaft, and 
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threads 3 and 4 upon another shaft, asshown at B But 
a separate shaft will be required for each thread of the twill 
weave, because no two threads require to work alike. 

(c) A heald shaft must work, i.e. must rise and fall, 
in the order which the design shows its warp threads 
to require. The mat weave, for instance, requires the 
first and second warp threads to be above the weft 
for the first and second picks. Therefore the first shaft 
must be lifted for the first and second picks. The 
third and fourth warp threads require to be above the 
weft for the third and fourth picks ; hence the second 
shaft must be lifted for those picks. 

“ Heald drafts,” “entering draughts,” or “ drawing 
in plans” may be represented by taking vertical lines 
or spaces to represent warp threads, and horizontal 
lines or spaces to represent heald shafts. The particu- 
lar shaft upon which a thread is to be drawn is shown 
(a) by terminating the vertical lines (Fig 67), (b) by a 
cross at the intersection of the two lines (Fig. 68), or 
(c) by marking the space which is common to the 
particular thread and shaft (Fig. 69). Or the positions 
of the warp threads may be indicated by figures placed 
upon the horizontal lines as in Fig. 70. 

The plan which indicates the order of lifting the 
shaft is termed the “lifting plan” or “ pegging 
plan.” It is obtained by grouping together the various 
thread workings of the design, or the interlacing of one 
thread from each shaft in the heald draft. The lifting 
plans for the mat and twill weaves above dealt with 
are shown at C, Figs. 71 and 72, and it will be observed 
that vertical spaces therein represent heald shafts and 
horizontal spaces, picks, or weft threads. 

It will be evident that the proper connection between 
a heald shaft in the drawing-in plan and the corre- 
sponding shaft in the lifting plan must be preserved ; 
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otherwise the desired design will not be produced. To 
avoid confusion in this respect, the horizontal spaces 
which represent shafts in the draft may be continued, 
and the picks represented by vertical spaces drawn 
across them as shown in Fig. 73. In this manner the 
working of each shaft is directly connected with the 
warp thread, or threads to be controlled by it. 


CHAPTER V 


THE PRINCIPLES OF WEAVING AND THE 
DEVELOPMENT OF THE HAND LOOM 


t 


WEAVING has been defined as ‘‘ a process which unites 
a series of parallel strands, or warps, by a crossing strand, 
or weft, which may interlace, wrap, or twine as it moves 
back and forth across the warp strands to form an 
expanded surface.” 

Such an interlacing may be performed in several 
ways. Thus, in one form of plaiting a few strands may 
be placed in parallel order on any flat surface and inter- 
laced by crossing strands ; also the fabric can be ex- 
panded by the addition of other strands to any one of 
its four sides. But, in darning and loom weaving, the 
first or parallel strands, by reason of their flexibility, 
require the assistance of a frame of some kind to retain 
them in their proper positions while the interlacing 
is carried on; hence the fabric can be expanded in 
the direction of its length only. 

The fundamental principle of weaving, however, is 
that of dividing the warp threads into two lines, the 
upper line containing all those which require to be above 
a weft thread, and the lower line those which require 
to be beneath it. The weft is then passed by a single 
stroke through the “shed” or opening thus formed 
and afterwards beaten up or closed in to the preceding 
weft thread. When it is understood that the division 
of the warp threads also can be accomplished by a single 
movement, the fundamental difference between weav- 
ing and other methods of interlacing threads will be 
appreciated. 
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The essential operations of weaving therefore 
comprise— 

1. “ Shedding,”’ or the formation of “sheds” or 
openings in the warp ; 

2. “ Picking,” or passing the weft through the sheds ; 
and 

3. ‘“‘ Beating-up,” or closing-in the weft; and the 
frame or machine in which these operations are carried 
out is called a ‘ loom.” 

A brief outline of the development of the loom will 
be sufficient for our purposes, the reader who is inter- 
ested in this subject being referred to the excellent 
handbooks by Ling Roth! and Kissell? . 

The most primitive loom appears to have consisted 
of a rude frame carrying a bar from which the warp 
threads were at first freely suspended and later kept 
taut by means of weights. Next the warp threads 
were passed round a pair of bars, which enabled the 
length of the cloth to be doubled, and the length was 
further increased when the warp was stretched horizon- 
tally, as the bars could then be placed farther apart 
than was possible in the vertical loom. Eventually 
the limitation of the length of the cloth was removed 
by the substitution of revolving rollers to carry the warp 
and cloth in place of the fixed bars; an arrangement 
which also enabled the loom to be brought within a 
more convenient compass. 

At a very early period lease rods were introduced to 
spread out the warp threads and keep them in their 
proper order. With the threads so arranged it was 
then possible either to darn the weft into the warp, 
thread by thread after the manner of the earliest 


1 Ancient Egyptian and Greek Looms, Halifax, 1913; Studtes 
tn Primitive Looms, Halifax, 1918. 
* Yarn and Cloth Making, New York, 1918. 
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weavers, or divide the warp into sheds for true weaving. 
In the next step the lease rods were transferred to their 
correct position, namely, close to the warp, and the 
front rod duplicated to serve as a shedding stick whereby 
the front shed was permanently maintained within 
easy reach of the weaver ; but it was still necessary to 
pick up the threads for the counter shed as in darning. 
From this arrangement it would appear to be a natural 
step to pass a series of leashes or loops of twine, 
called healds or heddles, round the threads beneath 
use the shedding stick and 
iF make them fast to a 
second rod or shaft 
placed above the warp 
so that by raising this 
sue] eur rameans shaft the threads of the 
counter shed could be 
instantly lifted for the 
next pick of weft. This 
will easily be under- 
stood by reference to Fig. 74. In the vertical loom the 
heald shaft would of course be placed in front of the 
warp and drawn forward to produce the counter shed. 
The shedding arrangement was next practically 
perfected by linking a second series of leashes through 
those of the upper shaft and securing them to a shaft 
below the warp, the threads of the latter being 
passed through the clasps. By using a similar pair 
of shafts for the even-numbered threads and connecting 
the top shafts by cords suspended from a roller, or from 
the ends of levers, it became possible to work the shafts 
and form the sheds either directly by the toes or, through 
the medium of treadles, by the feet, and thus remove 
the necessity of using the hands for the purposes of 
shedding. In the modern heald a knot is tied near the 
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end of the upper leash to form an eye for the warp 
thread, which is thereby freed from the grip of the 
leashes and enabled to move forward easily when the 
cloth is wound upon the roller. 

We may now turn to the operation of picking. In 
the earliest form of weaving, both warp and weft prob- 
ably consisted of short strands or filaments the length 
of which determined the length and breadth of the 
cloth to be woven. The weft would then be either 
darned into the warp, or drawn through a shed by means 
of'a hooked or notched stick after the method in use 
to-day for horse-hair weaving and mat making. Of 
course the cloth would have raw edges, although in 
some cases the ends of the threads were turned into 
the shed to form semi-perfect selvages. But when 
the weft was prepared in the form of a continuous thread 
it was handed through the shed, probably at first in 
the form of a ball and later coiled upon spools which 
in some cases had rounded and in others notched ends. 
Next, a carrier was provided for the straight ended 
spool, first in the form of a cylindrical case which was 
handed through the shed and, later, in the form of a 
shuttle or boat-shaped carrier, which could be thrown 
through the shed by one hand and caught by the 
other. 

Primitive weavers appear to have had two methods 
of beating-up the weft, namely, a flat sword-like stick 
and a short heavy comb. With the former a single 
stroke pressed the weft into position, but a number 
of strokes of the latter were required to produce the 
same result. The sword shape, however, was generally 
used. In some cases it was straight and long enough 
to reach across the full width of the cloth ; it was then 
often used also as a shed stick and turned on edge to 
facilitate the insertion of the weft. In other cases it 
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was curved and notched at the end in order that it 
might also serve as a weft carrier. 

At a later stage a warp spacer was used to spread the 
warp to the desired width. This first consisted of a 
notched bar placed near the warp beam. Next, the bar 
was provided with pegs or teeth between which the warp 
threads were placed in groups. This form, known as 
a “ wraithe’”’ or “ raddle,”’ developed into what is now 
called a “‘ reed,” in which thin flat strips of cane or metal 
are secured between pairs of ribs at the top and bottom, 
and spaced by wrapping bands to form “ dents” or 
‘splits ” through which the warp threads can be drawn. 
Eventually this reed was placed in front of the shedding 
apparatus and used to beat up the weft, first by moving 
it to and fro with the hands, and, later, by swinging it 
about an overhead centre from which it was suspended 
by cords. 

This brings us to the modern hand loom, which chiefly 
differs from the more advanced primitive loom above 
described in the method of carrying the reed and sup- 
porting the shuttle in its passage through the shed. 
These purposes are served by the “ sley,” or “ batten,” 
which is a heavy beam of wood faced with a thin, hard 
“race board’ and bevelled to form, in conjunction 
with the reed, a trough in which the shuttle runs upon 
the lower line of warp threads which rest lightly upon 
the race board. At the back of the race board a groove 
is cut in the sley to receive the lower rib of the reed and 
the upper rib enters a similar groove in the hand top 
which is threaded upon, or otherwise secured to, the 
sley arms or swords. This enables an even blow of the 
requisite strength to be easily given to the weft. For 
coarse work the cloth is usually passed over a breast 
beam to the cloth roller, placed lower in the framing 
in order that the line of the warp may remain unchanged 
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during weaving, and rigidly held by a ratchet wheel 
and catch. The warp beam is either similarly held, 
or braked by weighted ropes to give the requisite amount 
of “pace” or tension to the warp. Weaving then 
proceeds without alteration in the parts until the space 
between the cloth and reed is too small for the swing 
of the sley, whereupon the beams are released, cloth 
wound upon the cloth roller, and warp drawn off the 
warp beam. 

The shuttle was, however, still thrown by one hand 
and caught by the other, or, in very wide looms, by a 
weaver at each end of the sley. This method continued 
until 1733 when John Kay of Bury lengthened the sley 
and formed a box at each end into which the shuttle 
could run after leaving the warp. Across the top of 
each box he fixed a spindle to carry a sliding driver 
or “ picker,” and connected both pickers by cords to 
a short stick which he carried in his hand. He was 
thus enabled to stand or sit at the middle of the loom 
and jerk the shuttle to and fro with one hand and leave 
the other free to move the sley for beating-up. 

Kay's invention is known as the “fly shuttle,” and 
was the first and perhaps the most important in the 
chain of inventions which ultimately revolutionized the 
textile industry. Besides quadrupling the output 
of the loom and dispensing with the necessity for a 
second weaver on broad looms, it had other effects of 
a far-reaching character ; for it at once destroyed the 
equilibrium which had hitherto existed between the 
production and consumption of yarn, up to that time 
laboriously spun one thread at a time, and created a 
demand which eventually led to the improvements in 
spinning machinery by Hargreaves, Arkwright and 
Crompton. These improvements resulted in a super- 
abundance of yarn that caused attention to be again 
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turned to the question of an automatic loom capable 
of keeping pace with the supply, and it was then found 
that Kay’s invention overcame the difficulty which 
for a century had stood in the way of the power loom. 
For there is little doubt that either de Gennes in 1678, or 
Vaucanson in 1745, would have produced a successful 
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loom of this kind had either adopted the principle of 
throwing or jerking the shuttle instead of trying to pass 
it through the shed by means of levers. 

It is a somewhat remarkable fact that the next 
important improvement in the loom should be made 
by Robert Kay, a son of John Kay, who in 1760 
invented the drop box, which enabled the weaver to 
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control a number of shuttles on the fly principle. This 
was accomplished by providing, at one or both ends 
of the sley, a series of sliding shelves or boxes which 
could be raised or lowered to bring any desired box level 
with the race board to deliver or receive its shuttle. 

So far we have considered only two shafts of healds. 
But, when more than that number are required, 
the principle of having a separate treadle for each shaft 
is inexpedient owing to the difficulty of selecting and 
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depressing the proper treadles for successive picks of 
weft. This difficulty is overcome by a system of cord- 
ing or tying-up in which the depression of a single treadle 
produces the desired shed. In this case two sets of 
levers called long and short “Jams” or ‘“ marches ” 
are fulcrumed on the side framing immediately above 
and at right angles to the treadles, as shown in Fig. 75a. 
Each short lam is directly connected to one of the 
bottom heald shafts and each Jong lam to a jack which 
is fulcrumed on the top cross rail and has a connection 
to a top heald shaft ; hence the depression of a short 
Jam causes the corresponding healds and warp threads 
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to be lowered, while the depression of a long lam causes 
them to be lifted. Therefore, if, for any given shed, 
cords from the short lams connected to heald shafts 
which require to be lowered, and cords from long lams 
connected to shafts which require to be raised, be 
tied to the same treadle, the depression of that treadle 
will bring about the desired result. It will be evident 
that there must be as many treadles as there are different 
sheds in the pattern to be woven, and it is usual to 
arrange them so that it will not be necessary to cross 
the feet for successive sheds. Thus, suppose the 
pattern to contain six different sheds, i.e. sheds with 
different shafts of healds lifted and depressed, the 
treadles would be arranged in the order 1, 3, 5, 6, 4, 2, 
or 5, 3, 1, 2, 4, 6 Then, suppose the sheds to follow 
one another consecutively, number 1 treadle would be 
depressed by the left foot for the first pick; number 2 
treadle by the right foot for the second pick, and so on. 

Fig. 76 shows the “ tie-up”’ or ‘‘ cording plan”’ for 
the four shaft Harvard twill, and Fig. 77 the connec- 
tions of the treadles and lams, from which it will be 
understood that cords are tied to the corresponding 
long lams where there are marks in the tie-up and to 
short lams where there are blanks. 

The hand loom is still used as a commercial machine 
for the finest silks and linens, which are unable to with- 
stand the severe strain, friction and high speed of the 
power loom ; for the most expensive and elaborately 
ornamented fabrics such as are used for ceremonial 
purposes, in which the cost of weaving forms a com- 
paratively small proportion of the total cost and in which 
the increased output of the power loom is counter- 
balanced by the greater risk of faultily woven cloth ; 
and for pattern weaving, owing to the facility with 
which changes can be made. 


CHAPTER VI 
THE POWER LOOM. ITS DEVELOPMENT 


It was shown in the last chapter that in hand loom 
weaving the healds, shuttle, sley and beams are separ- 
ately controlled by the feet and hands of the weaver. 
In power loom weaving, however, these and all other. 
parts of the loom are controlled so as to work auto- 
matically and in unison on the application of oe 
or other power at a single point. 

The problem of automatic weaving was first sea 
in ribbon and smallware weaving. Originally, these 
fabrics were woven in narrow looms one at a time, but 
there is evidence that as early as the sixteenth century 
a loom had been invented which was capable of weaving 
a number of such fabrics at a time. This was known 
in England as the ‘“ Dutch Engine” and the “‘ Swivel 
Loom,” and is frequently mentioned in history because 
of the troubles which its introduction caused among 
the workpeople and the frequent prohibitions of its 
use. By gradual stages this loom was improved, until 
finally two types, each completely automatic, were 
evolved. In the “ Bar’. loom, which was a foreign 
invention, the application of manual power to a vibrat- 
ing bar in front of the loom set in motion the requisite 
parts and operations, while similar results were 
obtained in the second case by the application of any 
kind of power to a revolving pulley and shaft. The 
latter type of loom is interesting because it was invented 
by John Kay of Bury and Joseph Stell of Keighley 
some twelve years after the former had patented the 
fly shuttle, and also because the principal motions were 
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controlled by cranks and tappets practically as they are 
controlled in the most modern power loom. But, 
whereas the problem of picking the shuttle in the ribbon 
loom was comparatively simple by reason of the narrow- 
ness of the fabric, which made it possible to control the 
separate shuttles used for the several ribbons by means 
of a rack and pinion or by pegs in a sliding bar, it was 
a much more difficult matter to pass a shuttle through 
the warp of a wide cloth such as calico. 

The first notable attempts to produce an automatic 
loom for wide cloth were made by de Gennes, a French 
naval officer, in 1678, and by Vaucanson, the French 
scientist, in 1745, and reference has already been made 
to their failure with the picking problem. Both 
attempted to accomplish this by using levers to carry 
the shuttle through the shed. Vaucanson applied the 
friction roller taking-up motion now in common use, 
and also modified the shedding arrangement known as 
the ‘ draw loom,” in such a manner that it required 
improvement only in a few of its minor details to enable 
Jacquard to produce the machine which is now known 
by his name. 

The next attempt was made by Robert and Thomas 
Barber of Nottingham, who, in 1774, constructed a 
loom upon principles so correct that only a few slight 
improvements upon it would have achieved the desired 
object. Their picking motion was identical in principle, 
and almost in arrangement, with the cone overpick 
now universally applied to high speed power looms. 
Altogether it is suprising to find that the inventors did 
not persevere with the loom and that no use appears 
to have been made of it. 

We next come to the year 1785 when the Rev. Dr. 
Edmund Cartwright took out his first patent for a 
power loom. It is recorded that his attention was 
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first directed to the subject during a conversation with 
some Manchester gentlemen at Matlock in 1784. Ark- 
wright’s inventions were being discussed, and the ques- 
tion was raised what would be the result of the super- 
abundance of yarn which would undoubtedly follow 
the expiration of his patents. Cartwright suggested 
that, since machinery had been invented to spin yarn, 
other machinery should be invented to weave it, a pro- 
position which the Manchester gentlemen declared to 
be impracticable. 

Some time afterward Dr. Cartwright recalled the 
conversation, and, although he possessed no practical 
knowledge of weaving and had not even seen a weaver 
at work, he engaged workmen to carry out certain 
ideas which he had formed about the process. The 
result was the loom described in his patent of 1785, in 
which the warp was placed vertically, the reed fell, as 
he afterwards said, ‘‘ with the weight of at least half a 
hundred-weight,”” the shuttles were thrown by springs 
“strong enough to throw a Congreve rocket,” and the 
efforts of two powerful men were required to work it. 
Still it would work, and, having proved the practic- 
ability of the idea, he ‘‘ condescended to see how other 
people wove” and was astonished to find how easy 
their methods were compared with his own. He there- 
upon set to work upon a second loom, which was com- 
pleted and patented in 1787. In this loom he reverted 
to the horizontal type and, although he failed to 
accomplish all he had projected, he laid securely the 
foundations upon which the power loom was ultimately 
perfected. A persual of this specification quickly reveals 
the cause of his failure—he attempted too much. He 
sought to dispense with the operations of warping, 
sizing and beaming by providing a creel of bobbins 
from which the warp threads could be drawn and sized, 
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or dressed, during their passage to the healds; and the 
loom included positive take-up and let-off motions, 
parts to stop it in the event of the weft failing or of a 
warp thread breaking, and also self-acting temples ; 
all of which were beyond the mechanical skill of his 
time and were not perfected until many years later. 

After losing {30,000 in a spinning and weaving mill 
at Doncaster and having a number of his looms de- 
stroyed in the burning by the mob of the mill of Messrs. 
Grimshaw of Manchester, Cartwright received a grant 
of £10,000 from the Government as compensation for 
his losses and inventions. Besides his work on the 
power loom he invented a very successful wool-combing 
machine, from which, however, he derived very little 
benefit owing to infringements of his patent, and also 
machines for making bread, bricks and ropes. Clearly 
Dr. Cartwright is worthy of a high place in our list of 
inventors. 

By confining their attention to minor and essential 
details, subsequent inventors—among whom William 
Horrocks and Thomas Johnson, both of Stockport, 
stand out prominently—made steady, if slow, progress 
in the development of the power loom, until, in 1822, 
Richard Roberts practically completed it by settling 
what is virtually its present form and action. There- 
after it chiefly remained to take advantage of the 
advances in engineering skill and practice to add im- 
provements in its details and adaptations to bring the 
loom to its present state of perfection. 


CHAPTER VII 
THE PLAIN LOOM—PRIMARY MOTIONS 


THE loom for weaving plain and other simple weave 
fabrics requiring up to six or eight shafts of healds is 
commonly known as the plain loom. Its parts may 
be classified as follows— 

(2) Primary motions, ie. shedding, picking and 
beating up. 

(b) Secondary motions, i.e. tensioning the warp and 
taking up the cloth, and 

(c) Supplementary motions, such as _ preventing 
damage to the warp and cloth, stopping the loom on 
the failure of the weft and keeping the cloth distended 
to the width of the warp threads. 

The loom is usually driven by a belt which passes 
round driving pulleys on the crank shaft, A, Fig. 78. 
The latter has two cranks or bends, B, which, through 
connecting arms, C, cause the sley, F, to vibrate about 
a centre, E, and a ratchet, Z, on one of the sley swords, 
or supporting uprights, D, gives intermittent motion 
through a train of wheels to the taking-up roller, 
5. Between the driving pulleys and the framing a 
spur wheel is keyed upon the crank shaft to drive, 
through another spur wheel of twice the size, a lower 
or second motion shaft, J, at half the rate of speed. This 
second motion shaft carries a picking tappet, P, near 
either end and also in the case of the plain weave the 
shedding tappets at the middle. As the cranks and 
sley recede from their forward position, the shedding 
tappets, J, begin to open the shed, which by the time the 
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cranks reach their lowest or bottom centre becomes 
fully opened. Thereupon one of the picking tappets 
causes the shuttle to be driven through the shed to the 
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Crank shaft J. Shedding Tappets T. Picking stick 
Crank K. Treadles Y. Taking-up lever 
Connecting rod L. Lam rods Z. Taking-up catch 
Sley sword M. Lams 1, Warp beam 
Rocking shaft N. Heald shafts 2, Back bearer 
. Sley O. Top roller 3, Lease rods 

G. Sley cap P. Picking tappet 4, Breast beam 

H. Reed R. Picking cone 5. Taking-up roller 

I. Tappet shaft S. Picking shaft 6. Cloth roller 


opposite box, which it reaches as the cranks approach 
the top centre. At this point the action of the shedding 
tappets ceases and the shed closes. The sley then 
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advances to beat up the weft, and the cycle of operations 
begins again. 

A more detailed examination of the plain loom can 
now be made. 

Shedding is usually controlled by rotary tappets 
or cams which, operating through treadles and levers, 
move the healds and the warp threads as required. 
These tappets are, according to circumstances, placed 
either inside or outside the loom framing. For the 
smaller weaves and when the latter do not require 
to be frequently changed, inside tappets are generally 
preferred, as they take up less room and act more directly 
upon the heald shafts; hence they consume less power 
and enable the loom to be run at higher speeds. For 
two-pick weaves, i.e. weaves which repeat themselves 
at every two picks, these tappets are keyed upon the 
bottom shaft, but for weaves of larger repeat they are 
either carried by a sleeve which is slipped on the bottom 
shaft, or fixed upon a countershaft, and in either case 
suitably driven from the bottom shaft. Outside 
tappets are preferred when it is necessary to make fre- 
quent changes of the pattern for which they are more 
conveniently situated. Fig. 81 shows the arrangement 
known as the Bradford Twill Tappet, in which as many 
leaves or projections as there are shafts of healds are 
cast in a single piece upon a boss and freely revolved 
upon an extension of the bottom shaft by suitable 
gearing from the top shaft. As will be observed, the 
treadles are connected by rods to jacks or levers fixed 
near the ends of cross rods that are supported by ladder- 
shaped brackets, and the heald shafts are suspended 
from the quadrants or curved arms carried by the 
cross rods. A change in the weave requires, of course, 
a fresh set of tappets, which are, however, easily 
placed in position. In an improved form of tappet, 
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interchangeable pieces are bolted upon a series of discs, 
which are fastened together and similariy placed and 
driven. This facilitates change of pattern and avoids 
the necessity for fresh tappets at each change. 
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PLAIN LOOM, WITH MOTOR FOR ELECTRIC DRIVING 
—BACK VIEW 


It will be observed that the action of the foregoing 
tappets is to move the treadles and healds in one direc- 
tion only ; that is, the inside tappets only depress and 
the outside tappets only raise healds and warp threads. 
Supplementary parts connected to the opposite shafts 
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of the healds are therefore required to bring them back 
to their original positions. For this reason these 
tappets are described as “ negative” tappets. “‘ Posi- 
tive’ tappets, however, both elevate and depress the 
treadles, and each of the latter is connected to a top 
and a bottom shaft of healds, so that the movements 
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FUSTIAN LOOM, WITH WOODCROFT TAPPET 


of the warp threads are completely controlled. This 
type of tappets is preferred for strong heavy fabrics, 
which require the warp threads to be more heavily 
tensioned during weaving. (Tappets are also classed as 
‘‘open”’ and “closed”’ shedding. In the former, a 
heald once moved is retained in the new position until 
its warp threads require to return, no matter how many 
picks of weft may intervene ; but in “ closed ” shedding 
a heald shaft and its warp threads are brought to their 
original positions after every pick.) 
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The box plate and Woodcroft tappets belong to the 
positive class and are extensively used ; each is fixed 
outside the framing as shown in Fig. 82, and consists 
of a series of circular plates, one for each treadle and 
shaft of healds, with continuous beadings cast upon 
their faces to act upon anti-friction rollers carried by 
the treadles. In box plate tappets fresh plates are 
required for a fresh pattern, but in the Woodcroft tappet 
the plates are composed of interchangeable segments, 
which can be bolted together and rearranged according 
to the weave required. , 

It will be obvious that the negative shedding tappets 
must move the healds the full depth of the shed, but, 
since the positive tappet can move them in both direc- 
tions, a shed of given size can be produced by raising 
those threads which require to be above the weft half 
the depth of the shed and depressing the remainder 
to a similar extent. That is, the warp threads move 
to and from a central line ; hence this kind of shed is 
called a “ centre” or “ split ’’ shed. It is formed in less 
time and with less power than top and bottom shedding 
and places less strain upon the yarn. On the other 
hand, the whole of the threads are moved for every 
shed, which 1s not desirable in high speed looms. 

Tappets give the easiest kind of movement to the 
warp threads, because they can genera‘ly be constructed 
to accelerate the motion toward the centre of the lift 
and from that point gradually to decrease it until it 
merges into a full pause. This is known as an 
eccentric motion, and avoids the jerking of the healds 
and warp threads which tends to develop in high speed 
looms. 

The manner in which the operation of shedding is 
performed materially affects the quantity and quality 
of the cloth produced. The shed should not be deeper 
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than is necessary for the free passage of the shuttle, 
otherwise excessive warp breakages will result ; if the 
shed be not deep enough threads will be caught and 
broken by the shuttle, which will also require more 
power to drive it through, whilst if the shed is not even 
in its depth the shuttle may pass under or over threads 
which should be in the opposite lines. 

Plain cloths of medium fineness are usually woven 
with two warp threads in each dent of the reed. This 
tends to cause the threads to run together in pairs and 
form more or less distinct gaps or “ reed marks ’* in 
the cloth. To neutralize this tendency, the back rest, 
or roller over which the warp threads pass from the 
beam to the healds, is raised above the level of the front 
or breast beam, and the healds set to deflect the warp 
out of the straight line between these two points. This 
causes the top line of the warp threads to be slacker 
than the bottom line when the shed is opened and throws 
the greater part of the strain upon the bottom line. 
The slack threads thereupon spread themselves into 
spaces between the tight threads, and, by setting the 
pick a little late and slightly opening the shed before 
the weft is beaten up, the slack threads are retained 
in the positions which they have taken up. The warp 
threads thus become evenly spaced and form what is 
called a “well covered cloth”’ in contradistinction to 
“bare” or “ reedy ”’ cloth. 

Picking. Frequent reference has been made to the 
difficulties which the early inventors met with in this 
motion, and it still remains the most difficult problem 
of the power loom. This will easily be understood 
when it is realized that a body of constantly changing 
weight has to be suddenly shot across a surface which 
is moving not only at right angles to the direction of 
the shuttle but also towards a lower plane, and while 
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the weft thread is exerting a varying pull at one end. 
Positive picking has been mentioned in connection with 
the ribbon loom, and the same principle has also been 
applied to looms for beltings and hose-pipes, in which the 
shuttle is drawn across either by arack and pinions or by 
levers which enter slots in the under side of the shuttle. 
Ordinary looms are provided with ‘‘ negative’ picking 
motions, which are divided into “ over” and ‘‘ under ”’ 
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picks according as the shuttle is moved from a point 
above or below the box. 

The “ cone” pick belongs to the first named class. It 
contains the following parts, which are duplicated at 
each side of the loom and set to act alternately— 

An upright shaft S (Figs. 78 and 83), which is supported 
so that it may turn freely in a footstep and an upper 
bearing on the loom side ; a cone or conical anti-friction 
roller R, carried by a stud near the foot of S ; a pick- 
ing stick or arm T, secured to the top of S by a pair of 
adjustable rings and a cap; a picker V (Fig. 81) which 
is free to slide along a spindle fixed over the centre of 
the shuttle box; a leather strap or picking band U, 


74 WEAVING 


which connects the picker with the forward end of T ; 
a picking tappet, P, which comprises a boss, keyed on 
the second motion shaft, to which is bolted a shell with 
edges bevelled to correspond with the taper of the cone, 
R, and grooved to receive a nose which is bolted to the 
shell and similarly bevelled ; and a spiral spring which 
is hooked to the framing and to a strap bolted to shaft, 
S, to keep the cone in contact with the tappet and 
secure the return of the picker and arm after the shuttle 
has been moved. In narrow looms, however, the straps 
on opposite shafts are usually connected by a long 
spring which passes below the warp. 

The action is as follows: Shaft S is set to place the 
cone in contact with the shell, and, since the latter is 
concentric with the shaft to which it is secured, the 
cone remains stationary until the nose engages with it. 
Thereupon the shaft and arm are moved through an 
arc at a gradually increasing speed until the nose point 
has passed and the shuttle, through the medium of the 
strap and picker, gains a sufficient amount of momentum 
to carry it across the sley. This gradual development 
of the momentum constitutes the chief value of the cone 
pick, because it gives a comparatively smooth and 
steady motion to the shuttle. 

For slow looms the tappet P is usually set to move 
the picker when the crank is at, or a little past, the 
bottom centre ; for fast looms it is set a little earlier. 
Slight adjustments of the timing are provided for by 
the discs which carry the picking sticks, and also by 
the slots in the shell. For larger adjustments the 
driving wheels are taken out of gear and set one or more 
teeth forward or backward as required. The strength 
of the pick is adjusted by moving the tappet nearer 
to, or farther away from, the cone. 

The action of the picking tappets ceases before the 
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picker has travelled the full length of the spindle, and 
the further movement due to the momentum acquired 
by the picking stick is finally arrested by leather washers, 
threaded upon the spindle to form a buffer which 
prevents damage to the picker and spindle stud. The 
shuttle is checked and prevented from rebounding on 
entering the box by means of “swells” and “ check 
straps.’ A swell is a piece of wood or metal which 
is hinged in the box back at the one end and pressed 
forward by a flat spring at the other, so that a bulge 
on the tapered face projects into the box to grip the 
entering shuttle. A check strap consists of a narrow 
piece of strapping, which is carried by staples in front 
of the sley and threaded on the spindle behind the bow 
leather at the box end. Between the staples at the 
centre of the sley a short piece of strapping is riveted 
upon the long piece and drawn first against the one 
staple and then against the other by the movement of 
the shuttle against the picker to check the further 
movement of the latter. 

While the cone pick may be regarded as the most 
satisfactory of all picks from an economical point of 
view, its application is practically limited to narrow and 
fast running looms, weaving light and medium weight 
fabrics, because it is difficult to obtain from the slow- 
moving second motion shaft the power requisite to throw 
a heavier shuttle against the greater resistance of the 
warp threads. The cone pick is also unsuitable for 
bleached and coloured goods on account of the risk of 
oil splashes from the spindle and accumulations of dirt 
from the boxes, and for drop box looms because of the 
interference of the picker with the movement of the 
boxes. It is also difficult to adapt to ‘ pick and pick ” 
looms, i.e. looms which require to pick a number of times in 
succession from the same side. For one or other of these 
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reasons ‘‘ under’ picks are used, and of these there 
is a considerable number. 

Perhaps the simplest of all picks, either under or 
over, is the “ side lever’ pick which is used in looms 
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weaving both light and heavy fabrics when freedom 
from oil stains is important. This is shown on the 
loom at Fig. 84, and consists of a short arm keyed at 
the end of the second motion shaft to carry an adjustable 
stud and bowl. Within the path of the bowl a 
plate with a pointed face is bolted to a horizontal lever, 7, 
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fulcrumed at one end on the loom framing and resting 
at the other end upon the arm of a picking shoe which is 
pivoted on a stud and carries an upright picking stick, T. 
The picking stick passes through the slot of a metal 
plate that forms the bottom of the shuttle box and also 
through a leather picker which rests upon the plate, 
and is prevented from rising by.a wooden rib on the box 
back. As the second motion shaft revolves, the bowl 
strikes the plate and depresses the lever, whereupon 
the stick and the picker are suddenly jerked forward 
and the shuttle driven across the sley, after which the 
stick is drawn back by the pull of a spring on the under- 
side of the shoe. The motion is clean and simple in 
construction and action, but requires the parts to be 
carefully adjusted, or frequent breakages of the sticks 
and levers will occur. 

When a very strong pick is required in a slow running 
loom, the top or crank shaft is utilized as the source 
of the picking power, and there are many motions of 
this type which chiefly differ in the method of securing 
the alternate action of parts at the opposite sides of 
the loom. The usual arrangement consists of strikers 
or projecting pieces on the fly or balance wheels, which 
are caused to engage at alternate revolutions of the crank 
shaft with a finger on an inclined shaft connected by 
a strap with the picking stick as shown in Fig. 82. 
In some cases the striker is moved so as to miss the 
finger for alternate strokes, in others the finger is moved 
out of the path of the striker. It is inevitable from the 
abruptness of the striker’s action and the difficulties 
of correctly shaping the striker and finger and main- 
taining such shape that the pick should be of a harsh 
character. 

Beating-up. As has already been indicated, the 
functions of the sley or going-part of the loom are the 
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carrying of the shuttle in its movement from box to 
box and the beating up of the weft. For the first of 
these it is withdrawn from the cloth and either moved 
slowly or kept stationary whilst the shuttle is passing ; 
for the second a quick forward movement is desirable, 
that is, the motion must be reciprocating, and should be 
eccentric or variable in speed. 

The earliest power looms, having been modelled on 
the hand loom, had the sley swung from the top, an 
arrangement which required the loom framing to be 
carried sufficiently high for the purpose, and power 
looms constructed on this principle are still to be met 
with. But it was soon realized that the sley could be 
more easily controlled and the framing simplified by 
inverting this arrangement and moving it about a centre 
near the foot of the loom. Cams, springs and com- 
pressed air were first applied for moving the sley, 
arrangements which, although they produced the desired 
kind of movement, did not ensure a uniform stroke of 
the reed and correct timing with the other motions. 
The problem was finally solved by the application of 
the crank and connecting rod, which not only gave the 
desired kind of movement to the sley, but also placed 
it under positive control. 

In narrow looms the swords or arms which carry 
the sley are bolted to a rocking shaft E (see Fig. 78), 
which extends from side to side and is supported in 
bearings at the foot of the loom. In wide looms each 
sword is carried by a separate short shaft. Immediately 
behind the lower part of the sley ears are cast on the 
sley swords to receive pins for securing the ends of 
connecting arms C, which are joined at the opposite 
ends by straps, gibs and cotters to cranks B bent on 
the driving shaft A. The revolution of the latter 
shaft thus causes the sley to swing on the rocking shaft, 
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alternately away from the cloth to allow the shuttle 
to pass, and towards it for the beating up of the weft. 
So far as the movement alone is concerned, the use of 
cams would appear to be preferable to cranks and for 
that reason are used in abnormally wide looms. Cranks, 
however, besides giving more complete control over 
the movement of the sley also provide a sufficient 
amount of eccentricity for all ordinary looms and 
fabrics. 

The eccentric motion imparted by cranks arises from 
the conversion of their circular motion into the nearly 
straight line motion of the sley connecting pins. It 
can be varied within reasonable limits to suit the 
speed and width of the loom and depends upon the 
relative lengths of the cranks and crank arms and the 
relative positions of the cranks and the connecting 
pins. 

For light and quick running looms a comparatively 
small amount of eccentricity is required, but a larger 
amount is necessary in the case of wide and heavy looms. 
The former, therefore, have relatively short cranks 
and long arms, and the latter long cranks and short 
arms. An increase in the length of the cranks, however, 
gives a greater sweep to the sley and increases the 
yarn friction ; hence looms which require an abnor- 
mal amount of eccentricity often have long ears cast 
on the swords, in order that the arms may be shortened 
without requiring cranks to be lengthened to a degree 
that would take the race board below the lower line 
of the warp and possibly bring the swords into 
contact with the crank shaft. 

In weaving carpets, hose-pipes, belting and other 
abnormally heavy fabrics it is necessary to give a 
double beat of the sley and reed for every pick of weft. 
The usual method of accomplishing this consists of 


80 WEAVING 


using an arm fixed upon a stud at one end, hinged at 
the centre and connected to the sword at the other end. 
The crank is connected by an arm to the hinged joint, 
which is caused to rise and fall as the crank revolves. 
The reed is in contact with the cloth when the two 
parts of the hinged arm are in the same straight line, 
and, as the joint is carried both above and below this 
straight line once for each complete revolution of the 
crank, the reed is brought into contact with the cloth 
twice for each pick. 


CHAPTER VII 
THE PLAIN LOOM—SECONDARY MOTIONS 


THE secondary motions comprise warp tensioning or 
letting off and taking up. Letting off is effected by 
motions which are either (a) negative or (b) positive. 
Negative motions frictionally retard the rotation of 
the yarn beams and thereby tension the warp, which 
has to be pulled off the beam, against the resistance 
thus set up by the combined action of the shedding and 
taking-up motions. Whilst motions of this type are 
simple in construction and easily adapted to circum- 
stances, they subject the yarn to undue strain, require 
frequent adjustment as the warp weaves down, and 
involve the lifting of weights when it is necessary to 
turn the beam backwards. Positive motions, on the 
other hand, give off the yarn by positively rotating the 
beam and, theoretically, after a preliminary adjust- 
ment require no further attention until the warp is 
finished. 

In the ordinary type of negative let-off motion, 
which is invariably applied to looms for light and 
medium weight fabrics of every description, the beam is 
supported in brackets and has at one or both ends a rope 
or chain coiled several times round it. One end of the 
rope or chain is fastened to a fixed hook and the other 
to a lever which is fulcrumed at one end and weighted 
at the other ; but in Fig. 80 a series of compound levers 
is used to reduce the size of weight required. The 
amount of drag or friction thus set up is varied to suit 
the yarn or cloth to be woven, and it depends upon the 
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size and position of the weights and the number of 
times which the rope is coiled around the beam as well 
as upon the nature and size of the friction surface, but 
in any case the weights must gradually be moved 
towards the fulcrum as the diameter of the yarn on the 
beam decreases, in order that the diminishing leverage 
of the yarn beam may be compensated for, since it is 
this leverage which has to overcome the drag or friction 
upon the beam. 

One advantage of the foregoing type of letting off 
motion is that the weights are free to rise as the shed 
opens and thereby relieve the yarn of undue strain. 
Also by falling as the shed closes the weights are enabled 
to take back the amount of yarn not drawn forward 
by the take-up motion. Yarn strain can also be equal- 
ized by the use of a vibrating back rest which moves 
towards the healds as the shed opens and returns as 
it closes. Such rests, however, are not suitable for open 
shedding or for heavily wefted cloths, which require 
the yarn to be held firmly at the moment of the beat 
up. 
As previously mentioned, positive let-off motions 
positively rotate the yarn beam. Theoretically this 
is more correct in principle than frictional retardation, 
because it would appear to ensure the delivery of the 
exact amount of yarn required for the cloth drawn 
forward by the take-up motion, and thereby give a more 
even fabric and the maximum length of cloth from a 
given length of warp ; it would also facilitate the pro- 
duction of certain styles of pile fabrics and others of 
abnormal weight. But, excepting for the last men- 
tioned fabrics, the principle has not proved wholly 
satisfactory, chiefly because the warp is rigidly held 
at all times and the shed has to be formed by stretching 
the yarn, which results in undue breakages. Positive 
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motions are therefore applied only to automatic looms 
and to looms for weaving abnormally strong and heavy 
cloth and special pile fabrics. In the true positive let- 
off the yarn beam is rotated so as to give off a definite 
amount for each pick of weft. But most so called 
positive let-off motions are really semi-positive in their 
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action, for, although the yarn beam is positively geared, 
its rotation and the delivery of the warp are controlled 
by a sensitive back bearer which responds to the varia- 
tions in the yarn tension consequent upon the action of 
the shedding and taking-up motions. (See Fig. 84a ) 
Take-up motions serve to draw the cloth forward 
as it is produced. They are either (a) negative, or 
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(b) positive. In the former, the cloth roller is moved 
negatively by springs or weights at the moment when 
the reed is pressing upon the cloth, while in the latter 
a taking-up roller is positively moved by a train of 
wheels which give a definite movement for every pick 
of weft inserted. 

Negative motions are used when the weft is liable 
to vary in thickness, when an abnormally large num- 
ber of picks to the inch have to be inserted, and for silk 
and other fabrics of a like character which are liable 
to be damaged by the rough surface of a taking-up 
roller. 

In the common style of negative take-up motion 
applied to the fustian loom, Fig. 82, the cloth passes 
directly from the breast beam to the cloth roller. The 
latter has a wheel at one end which is driven by a worm 
on a short cross shaft that has a ratchet wheel at the other 
end and is driven by a catch on a loosely fulcrumed 
arm from which is suspended a weighted stalk. As 
the sley moves backwards the stalk is pushed upwards 
and held suspended by the ratchet catch as it reverses. 
If the pull thus set up on the ratchet wheel and cloth 
roller exceeds that exerted by the warp beam weights, 
the roller is moved and the cloth drawn upon its sur- 
face, any movement being retained by a dead catch. 
But, if the pull on the yarn exceeds the pull on the cloth, 
picks continue to be inserted without movement of the 
roller until the pressure of the reed causes the cloth to 
become momentarily slack, whereupon it is drawn 
forward. As the cloth roller fills, the weights upon the 
stalk must be gradually increased to compensate for 
the greater weight to be moved. As in all negative 
motions the closeness, or number to the inch, of the 
picks is chiefly regulated by the weighting of the yarn 
beam. 
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In positive take-up motions, a taking-up roller which 
has a roughened surface of emery, sand, perforated zinc, 
wire teeth or fine pins draws the cloth forward and 
delivers it to the cloth roller. The first or take-up 
roller is positively driven either intermittently by the 
action of a catch which is attached to, or actuated by. 





Fic. 85 


POSITIVE TAKE-UP MOTION 


one of the sley swords, as shown in Fig. 78, or continu- 
ously by connection with the crank or tappet shaft. 
Practically all ordinary looms are fitted with motions 
of the intermittent type. The motion usually applied 
to cotton looms (see Figs. 84 and 85) consists of a train 
of five wheels, the first being a ratchet or rack wheel A. 
At the other end of the ratchet stud is a change pinion 
B, which gears with a stud or carrier wheel C com- 
pounded with a stud pinion that drives the beam 
wheel D at the end of the taking-up roller. A holding 
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back or dead catch also engages with the ratchet wheel 
to retain any movement of the same. The following 
‘gears’ or trains of wheels are in common use on 
cotton looms — 

Circum- 


Ratchet Stud Stud Beam ference Dividend 
Wheel. Wheel. Pinion. Wheel. of Beam. per} in. 
120 15 75 1 


50 5 ins. 507 
60 120 15 75 7” 609 
50 145 14 90 ” 794 
50 100 12 75 - 528 
60 100 12 75 7 634 


(1). To find the change pinion for a given number of 
picks to the } in. 

Ratchet Wheel x Stud Wheel x Beam Wheel 
Circ. of Beam in } ins. x Stud Pinion x Picks per } in. 
== Change Pinion 

(2). To find the number of picks to the } in. obtained 
by a given change pinion 

Ratchet Wheel x Stud Wheel x Beam Wheel 
Circ. of Beam in } in. x Stud Pinion x Change Pinion 
= Picks per } in. 

Calculations are shortened by using a “ dividend ” 
or “constant number,’’ which may be defined asa 
number equal to the product of the number of teeth in 
the change pinion and the resultant number of picks 
to the }in. or other unit space, hence 

(3). Dividend — Change Pinion = Picks to the } in. 

(4). Dividend ~ Picks to the } in. = Change Pinion. 
The Dividend is found by 


(5). Ratchet. x Stud x Beam Wheel 


Bee ee ee IVIend. 
Circ. of Beam in } in. x Stud Pinion a 
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When the cloth is released from the tension of the 
loom it usually contracts in length, and by bringing 
the picks closer together increases the number per inch. 
It has, therefore, been agreed that, for the purpose of 
wage calculations, since the cloth is measured out of 
the loom, an addition of 1} per cent shall be made to 
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the ‘‘ Mathematical Dividend ” obtained by formula 5, 
to give the ‘‘ Practical Dividend,” e.g. 500 mathematical 
dividend plus 1} per cent = 507} practical dividend 
(507 being generally used). 

Gears with smaller dividends are suitable only for 
low picked cloths, because of their limited range and the 
difficulty of obtaining an exact number of picks ; thus 
if a 35 pick cloth is required with the 507 gear, 507 + 
35 gives 14-48 change pinion, for which either a 14’s 
or a 15’s must be used. In the former case the result 
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would be 36-21 picks in the cloth and in the latter 33:8 
picks ; that is, the cloth would have 1} picks either 
too much or too little. But with the 794 dividend a 
pinion of 22:8 teeth or, say, 23, would be necessary, 
which would give 34-52 picks, or only half a pick short. 
The larger pinion also gives easier working. 

The difficulty illustrated by the above examples is 
avoided by the use of ‘‘ seven wheel gears ’’ (see Figs. 
81 and 86), which are usually arranged on the “ pick 
to each tooth” principle ; that is, each tooth in one of 
the wheels in the train has a definite pick value, such 
as one pick to each tooth, half a pick to each tooth, and 
so on. Thus, in the former case a 35’s pinion would 
give exactly 35 picks. A further advantage of this 
type of motion is the elimination of calculations, with 
the consequent risk of error and wrongly picked cloth ; 
also the picks are directly proportionate to the number 
of teeth, ie. a larger pinion gives more picks and a 
smaller pinion fewer picks, whereas in the five wheel 
motion the picks and teeth are in inverse proportion. 
The best known motion of this type is Pickles’ which 1s 
being increasingly applied to cotton looms. It con- 
sists of a ratchet wheel of 24 teeth on the same stud 
as a standard wheel of 36, 27, 18 or 9 teeth which drives 
the change pinion. The latter is on the same stud as 
a swing pinion of 24 teeth driving a carrier of 89 teeth, 
with which is compounded a carrier pinion of 15 teeth 
and the latter drives the beam wheel of 90 teeth. The 
beam is 15-05 in. circumference. Each tooth in the 
change pinion is equal to one pick to the inch when the 
standard wheel has 36 teeth ; 14 picks when the stan- 
dard has 27 teeth ; two picks when the standard has 
18 teeth and four picks when the standard has 9 teeth. 


CHAPTER IX 
THE PLAIN LOOM—SUPPLEMENTARY MOTIONS 


The Weft Fork Motion. The function of the weft 
fork motion is to stop the loom in the event of the 
breakage or failure of the weft. Fig. 87 illustrates 
the arrangement, which comprises an upright grate 
A, a three pronged fork B, which is fulcrumed on 
pin C, a fork holder D. secured at the end of lever E, 
which is fulcrumed at F, hammer G and lever H, which 
are joined together at J and fulcrumed on a stud at K 
and a tappet L on the bottom shaft. The grate has 
three openings and is fixed slightly behind the front of 
the reed at the entrance to the shuttle box at the 
driving side of the loom, at which point a groove is cut 
across the shuttle race to receive the grate and permit 
the passage of the fork prongs as the sley moves to and 
fro. The prongs are bent downwards nearly at night 
angles to the body of the fork and close to the bottom 
of the groove. The fork is slightly heavier on the 
straight or hooked end, so that, when no obstruction 
is offered to the passage of the prongs through the grate 
the hook continues to rest on the hammer head, with 
the result that, when the latter is moved forward by 
the action of the tappets and the lever, the fork holder 
and holder lever are also drawn forward. The last named 
lever is placed immediately behind and in contact with 
the starting handle M, so that, when this action takes 
place, the handle is thrust out of its notch and the driv- 
ing belt moved to the loose pulley. But the weft when 
unbroken crosses the path of the prongs and prevents 
them from passing through the grate as the latter 
advances, whereupon the hook end of the fork is lifted 
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clear of the hammer head at the time when the latter moves 
forward so that the position of the fork holder remains 
undisturbed and the loom continues to run. It will 
be evident from this description that the various parts 
must be carefully timed and set ; otherwise, the motion 
may either fail in its object and allow the loom to con- 
tinue in motion when the weft is absent or cause it to 
stop when the weft is present. 





Fic. 87 
WEFT FORK MOTION 


Owing to the position of the parts and the fact that 
the hammer is actuated from the tappet shaft, the 
motion operates only for alternate picks, and for this 
reason two or three picks of weft may be omitted before 
the loom is brought to a standstill. To avoid the form- 
ation of a crack or thin place in the cloth by the 
omission of these picks, the dead catch of the taking- 
up motion is lifted clear of the ratchet wheel by means 
of a vertical lever which is compounded with the catch 
and fulcrumed at the joint, and rests in contact at its 
upper end with the front of the fork holder lever. 

A weft fork motion of the above described type may 
be used on drop-box looms which are fitted with chang- 
ing boxes at one side only ; but, when the changing 
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boxes are applied at both sides and arranged to pick 
at will from either, such a motion is practically useless. 
For, if two or more shuttles were driven from the same 
side in succession, the fork might be actuated by the 
welt of the first shuttle ; in which case the loom would 
continue to run even though the remaining shuttles 
were empty. The arrangement also fails in wide looms 
when very soft weft is used, owing to its liability to 
‘break and catch.” In these cases, a centre weft fork 
is used, which is placed in a groove at the middle of 
the sley and is arranged to feel for every pick of weft 
and to stop the loom immediately a failure occurs. 
Besides the very careful setting required in this case, 
the fork is likely to loop the weft on the under side, 
especially if it is very thin ; hence many looms of the 
type indicated are run without weft fork and depend upon 
the watchfulness of the weaver for stopping the loom. 

Warp Stop Motions. Warp stop motions are intended 
to stop a loom whenever a warp thread breaks. 
Although a distinct improvement is thereby effected 
in the quality of the cloth produced, such motions are 
seldom applied to ordinary looms because of their com- 
plexity and the increased strain and friction which 
they impose upon the warp; they are also generally 
unsatisfactory for fine yarns and heavy sized goods. 
But the motions are indispensable when automatic 
weft supply mechanism is applied to looms, as the num- 
ber of the latter under the control of each weaver is 
too great to permit of each one’s receiving that amount 
of attention which will enable it to be stopped 
immediately a thread breakage occurs. 

Some warp stop motions are arranged to act in con- 
junction with the healds, but the majority are arranged 
to operate independently and usually consist of a series 
of thin steel droppers, which are supported by the warp 
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threads so as to be clear of some negatively driven 
moving part so long as they remain unbroken. But, 
when a warp thread breaks, its dropper falls into the 
path of the moving part and stops it; whereupon 
other parts bring the loom to rest. Some droppers 
are shaped like hairpins and are merely dropped upon 
the warp threads; but these can easily be tampered 
with and are therefore used only to a limited extent. 
In most cases the warp threads must be drawn through 
the droppers, an arrangement which overcomes this 
disadvantage. 

Warp Protectors. Warp protectors are designed 
to stop the loom automatically, if from any cause the 
shuttle fails to reach the box at the proper time. 

In looms for heavy goods the reed is fixed in the 
sley and cap, and, if the shuttle should fail to clear the 
shed, it would be forced through the warp at the next 
forward stroke of the reed, unless means were provided 
to arrest the further movement of the sley. In looms 
for light goods, the reed is supported in such a manner 
that its lower rib can swing backwards to prevent 
damage, if the shuttle obstructs its forward movement. 
This arrangement is known as the loose or fly reed and 
enables the loom to be run at the highest possible speed. 

In all looms which employ negative picking the shuttle 
box is fitted with a swell as already described. The 
bulge of the swell projects into the box and the shuttle 
must force it back before it can enter. In fast reed 
looms the swell serves the double purpose of bringing 
the shuttle to rest and actuating the warp protector 
or stop rod. 

Fig. 88 illustrates the stop rod arrangement. This 
consists of a rod A extending across the loom and sup- 
ported in bearings either on the under side of the sley 
or upon the sley swords. It carries two vertical fingers 
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B, which press upon the back of the swells C, and two 
flat blades D which are welded to its ends. In front 
of and directly in the path of each blade is a buffer or 
frog E provided with a shoulder which is struck by a 
blade whenever the shuttle is absent from the box. 
The frogs are carried by the loom framing, and their 
forward ends press against rubber cushions or 
against strong flat springs which absorb the force of 
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the impact, whilst in some looms the frog is connected 
to a brake F which is drawn against the fly wheel 
whenever the frog is pushed forward by the blade. 
Blades and frogs are shaped to dove-tail with each 
other to prevent slipping, and the blades are kept in 
a striking position either by a flat spring which presses 
against the vertical finger or by a spiral spring G hooked 
into a blade and the framing. An arm is projected 
from one of the frogs to push the starting handle out 
of its notch and stop the loom whenever the blades 
and frogs engage. So long as the shuttle reaches the 
boxes the loom will continue to run, for, as the shuttle 
enters the box, it pushes back the swell and finger and 
causes the rod to lift the blades clear of the frogs ; but, 
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if a shuttle does not enter the box, the blades and frogs 
engage and the loom is stopped. 

The Loose Reed. The momentum of the parts of 
a high speed loom is such that considerable breakages 
would result if the stop rod principle were applied. The 
loose reed arrangement, therefore, is invariably applied 
to such looms, and the effect of the shuttle’s being 
trapped in the shed is merely to cause the reed to yield 
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to an extent that prevents the warp from being damaged 
although the loom may continue to run. 

The upper rib of the reed is slipped from one end 
into a groove in the sley cap A, Fig. 89, and its lower 
rib is pressed inwards by an angle bar B, carried by a 
number of arms C, supported on rod D, which occupies 
the same position as the stop rod of a fast reed loom. 
An additional arm on the rod is provided with an 
adjusting screw to press against the sley sword and 
regulate the pressure upon the reed. The rod also 
carries two curved arms FE that engage with the upper 
or lower faces of wedge-shaped heaters or frogs F, 
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which are rigidly held by brackets bolted to the fram 
ing. D also carries an arm G immediately opposite a 
buffer H on the starting handle J. Outside the loom 
framing rod D carries an arm / which is provided with an 
anti-friction roller to run on a bow spring and hold the 
reed steady whilst the shuttle is crossing ; a spiral spring 
K serves when J and the bow spring are apart. 

So long as the shuttle is running properly, the curved 
arms pass to the under side of the frogs and hold the 
reed firmly for the beat-up. But, if the shuttle is 
trapped, the reed and: bar are thrust backwards and 
the rod D rotated, and thereupon the curved arms 
engage with the upper sides of the frogs and assist the 
pressure of the shuttle to overcome the pull of the springs 
at the moment when the arm G engages with the buffer 
to push the starting handle out of its notch. In this 
manner the loom is brought to a standstill without 
the violent concussion which takes place when the 
stop rod is used. 

Several arrangements have recently been introduced 
to combine the advantages of fast and loose reeds and 
enable heavy cloth to be woven at higher speeds than 
formerly, in addition to avoiding the shock and damage 
which follow the action of the stop rod in the ordinary 
fast reed loom. In Livesey’s ‘‘ fast loose”’ reed, or reed 
release motion the reed can swivel about its upper 
rib in a groove in the sley cap in the usual manner, and 
is normally held in the fast position by a clamping 
bar, which is controlled by springs and locked by a key 
bar that is connected by a finger to the shuttle box 
swells. When the shuttle fails to enter the box the 
key bar is engaged by a dagger and moved sideways. 
This action releases the clamping bar and allows the 
springs to thrust it outwards and set the lower rib of 
the reed free. The latter, being retained in position 
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by parts on the front of the sley, is held more rigidly 
than is the case in either fast or loose reed looms ; 
hence the full weight of the sley can be thrown into 
the beat-up and heavy cloth woven with every pick of 
the weft perfectly straight. Stop rods, curved arms, 
and heaters are dispensed with, and the reed, being 
actuated by springs instead of by the shuttle when the 
latter is trapped, is saved from damage. 

The Brake. Brakes are usually applied to high speed 
looms to destroy the momentum of the moving parts 
whenever the driving belt is moved 
to the loose pulley. The usual form, 
Fig. 90, applied to loose reed looms, 
consists of a lever having a short 
curved arm covered with leather to 
act upon the rim of the fly or balance 
wheel, and a long straight arm which 

Fic. 90.—BRAKE ¢Xtendsto the front of the loom where 
it is notched to carry a weight and 
supported by a rod to hold the leather-covered arm clear 
of the fly wheel when the loom is running. The upper 
end of the rod is attached to a short lever which is ful- 
crumed at the opposite end and has its curved under- 
side resting upon a bracket on the starting handle. 
When the loom is running the bracket lifts the short 
lever, and the rod thereupon takes the leather-covered 
arm clear of the wheel. But, if the starting handle 
is pushed out of its notch by the action of the weft fork 
or by other means, the rod is allowed to fall and the 
weight then causes the leather-covered arm to come into 
contact with the fly wheel and arrest its motion. In 
fast reed looms the brake is placed behind the fly wheel 
and connected with one of the frogs E, Fig. 88, so that 
it may be brought into action whenever the frog is 
moved by the action of the stop rod. 
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Unless the brake is carefully set and maintained in 
good condition, it may put considerable strain upon 
the moving parts and interfere with the work. It may 
also cause faulty places to develop in the cloth. 

Temples. With a few exceptions, such as coarse 
linen, jute and sized cotton weft and fabrics of the 
poplin type, all cloths tend to shrink in width during 
the process of weaving, owing to the contraction of 
the weft and its interlacement with the warp. The 
amount of such shrinkage varies with the nature of 
the material, the weave, and the relative number, 
thickness and tension of the warp and weft threads. 
Temples are therefore used to counteract such tend- 
ency and to keep the cloth distended to the width of 
the warp in the reed, in order that the outside warp 
threads may be relieved of undue friction and breakage 
and the reed wires saved from being bent or broken. 

Hand loom temples consist of a pair of flat wooden 
bars or stretchers hinged at the centre and fitted with 
spikes at the end to grip the cloth. They require to be 
moved at frequent intervals as the cloth is produced, 
and are therefore unsuitable for power loom weaving, 
although they are occasionally used for highly picked 
fustian fabrics. 

Out of the large variety of self-acting temples applied 
to power looms to suit the variety of cloth produced, 
four distinct types are in general use, namely, bar 
temples ; side roller temples ; ring, segment, or swiss 
temples ; and star temples. 

Bar temples are used for light and medium plain 
fabrics. They consist of a semi-circular trough, C, 
Fig. 91, extending across the cloth and hollowed at the 
ends to form bearings for a revolving bar or roller, which 
is secured by caps bolted to the trough. With the 
exception of the ends and a few inches at the middle 
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the roller is fluted along its length and spirally grooved 
to form teeth, which incline in opposite directions from 
the centre. The frontage of the trough is fixed as close 
to the cloth fell as possible without touching the reed 
by two upright springs, which are bolted to the front 
rail of the loom and capable of yielding in the event 
of the shuttle’s being trapped. The cloth is taken round 
the under-side of the roller, and the grip of the latter 
is increased by raising the front edge of the trough so 
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that the cloth is prevented from shrinking at the latter 
point. This temple improves the cover of the cloth, 
enables the maximum width to be woven, avoids temple 
marks at the sides, and helps the shuttle to throw a 
loose reed back in the event of a trap. On the other 
hand, it cannot grip strong cloth with sufficient power 
to prevent contraction, and the first inch or two of the 
newly woven cloth is hidden from the sight of the 
weaver. 

Side roller temples consist of short toothed or spiked 
rollers, which are capable of free rotation in boxes 
placed at the sides of the cloth, and the latter is bent 
over the teeth by a cap. Single roller temples are used 
for light and medium fabrics, and when there is not 
much space between the reed and the breast beam. 
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They usually consist of steel teeth inserted in a conical 
boxwood tube, which revolves on a stud, the teeth 
being set closer at the outer or selvedge end than at the 
inner end. Two-roller temples (see Figs. 92 and 93) are 
used for stronger fabrics, especially in the coloured 
trade. Each box contains two rollers, which may be 
either conical or cylindrical, and either parallel or con- 
verging. The box is provided with holes on the under- 
side to allow size and dust to fall through, and the cap 
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is ribbed at the middle to ensure the cloth’s engaging 
with the rollers. Three-roller temples are used for the 
strongest fabrics, the third roller being fitted in the cap, 
or occasionally there are two rollers in the cap and one 
in the box. This gives greater holding power and 
reduces the friction between the cap and the cloth, 
which is liable to glaze or polish the latter to an 
objectionable degree in dark colours. 

Ring or segment temples, Fig. 94. This type usually 
consists of a series of ten or twelve brass rings, each 
with a single row of steel teeth and capable of freely 
turning upon eccentric bossed washers that are skew- 
drilled and flanged to separate the rings. The washers are 
threaded, with the full part of the eccentric uppermost, 
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on a stud which is bolted to a holder, and the latter 
is usually pressed forward by a strong spring. The 
effect of the skew-drilling of the washers is to incline 
the rings and cause the cloth to be drawn outwards at 
the same time that the eccentrics draw the teeth away 
as the rings are pulled round by it. The cloth is 
deflected by a cap as in the roller temple. The chief 
objection to this type is the liability of the teeth to pick 
up loose threads of warp and weft, which prevent the 
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rings from rotating as the cloth is drawn forward and 
result in the latter’s being torn. The same result is 
also liable to occur if the rings become choked by size 
and dust. 

The star temple, Fig. 95, consists of a large toothed 
ring supported horizontally and capable of rotation 
upon a central pin. The ring is surrounded by a shield 
plate, which is grooved to cause the cloth to embrace 
a portion of the ring’s circumference and to hold it firmly 
on the teeth. It is placed under the cloth with the outer 
circumference in a line with the dents of the reed which 
contain the outside threads, and as near to the cloth 
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fell as possible. It is fairly good for medium fabrics, 
but is liable to tear the cloth when the weft is either 
weak or very elastic. It is also used for fustian fabrics, 
because the pull is exerted wholly at the selvedges 
and the teeth do not engage with the floating weft 
threads. 

The fixings for side temples must provide means for 
lateral adjustment, and this is usually accomplished 
by set-screwing them to bars which stretch from side 
to side beneath the cloth. Such bars may be round, 
flat, or angle-shaped. Round bars allow the temples 
to be placed low and near the reed, because they are 
secured to the bar from the front ; the temples, how- 
ever, have a tendency to work round the bar. Flat 
and angle bars avoid the latter difficulty and hold the 
temples more firmly, but angle bars must have the set 
screws on the under-side ; hence the temples cannot 
be placed so close to the reed owing to the risk of the 
screw’s touching the sley. Arrangements are also pro- 
vided either in the temple holders or in the bar fixings 
to hold the temples forward and to permit them to 
move back if they should strike the shuttle. Spiral 
springs, short flat springs, and long flat vertical springs 
are chiefly used for this purpose. 


CHAPTER X 


AUTOMATIC WEFT SUPPLY 


THE application of the positive take-up, weft fork and 
warp protector motions so reduced the necessity for 
close attention that eventually one weaver was enabled 
to supervise a number of looms. With ordinary plain 
fabrics the cotton weaver attends to as many as four 
or six looms, and his duties mainly consist of replenish- 
ing the shuttle with weft and piecing broken warp 
threads, each of which involves a stoppage of the loom. 
When a moderately good quality of yarn is used warp 
breakages are comparatively few in number; hence 
it may be said that the output of the loom depends 
chiefly upon the frequency of the stoppages consequent 
upon the exhaustion of the weft, a frequency which of 
course depends upon the carrying capacity of the 
shuttle. But this capacity is limited by considerations 
of size and weight, and, when these limits have been 
reached, the number of stoppages due to weft exhaustion 
still remains considerable. 

It is therefore natural to find that from an early period 
in the history of the power loom attempts have been 
made to obviate such stoppages and thereby increase 
either the productivity of the loom or the number of 
looms to a weaver. These attempts have been made 
along three distinct lines, namely (1) the provision of a 
continuous supply of weft ; (2) the automatic removal 
of an exhausted shuttle and the substitution of a loaded 
one; and (3) the automatic ejection of a spent spool or 
cop holder from the shuttle and the substitution of a 
full one. 
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The Seaton loom was constructed to accomplish 
the first named object by providing a supply of weft 
upon large bottle-shaped bobbins, which were placed 
at the sides of the loom and capable of lasting several 
hours. The thread was drawn through the shed first 
from one side and then from the other by a carrier pro- 
vided with jaws or nippers at the end, the threads 
being cut off at the selvedges and left to form raw edges. 
Later a double length of weft was cut off and inserted 
from each end alternately in such a manner that a fairly 
satisfactory selvedge was formed. Parts were also 
added to enable a number of different wefts to be fed 
to the carrier for the production of check fabrics. 

Since the first automatic shuttle changer was patented 
in the year 1840, many attempts have been made to 
supply a satisfactory arrangement of this type. 
Shuttles have been changed in a variety of ways in an 
ordinary shuttle box ; inserted in one box and removed 
from the other ; and drop and circular boxes have been 
used for the purpose. Also the changes have been 
made with and without alteration in the speed of the 
loom and the loom has been stopped for the change 
and afterwards automatically re-started. Although 
a number of looms of this type are actually in use, shuttle 
changing is not regarded as a satisfactory solution of 
the problem, chiefly owing to the shock and vibration 
which usually accompanies a change; the difficulty 
of re-starting the loom after a change has been made ; 
the risk of damaging the shuttle during the change, 
and of securing the necessary number of shuttles exactly 
alike in weight and fitting. 

Cop or shuttle changing arrangements date from the 
year 1857, and, although less numerous than shuttle 
changers, they have proved more satisfactory, for it 
is obviously easier to change the contents of a shuttle 
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than it is to change the shuttle itself. The Northrop 
cop-changing mechanism, invented in the United States, 
has been found so successful that it has been applied 
to upwards of 500,000 looms weaving all classes and 
widths of goods. 

On considering the problem the inventor had to solve, 
it will be evident that he had to provide not only mech- 
anism which would change the cop at the proper time 
and only act when the shuttle was in the proper posi- 
tion, but also a self-threading shuttle and parts for 
severing any portion of the weft thread left suspended 
outside the cloth. Furthermore, in order that full 
advantage might be taken of the relief thereby obtained 
it became necessary to provide efficient motions for 
stopping the loom in the event of a warp thread’s break- 
ing, and for automatically controlling the let-off and 
tensioning of the warp. All these, besides other minor 
improvements, have been successfully accomplished, 
and the Northrop loom of to-day may be regarded as 
automatic in every sense of the word. The Northrop 
weaver attends to six (instead of two) broad looms and 
up to twenty (instead of four or six) narrow ones, and, 
in mills where they have been installed, it has been found 
necessary to make considerable re-organizations in the 
staffing and equipment. 

Compared with other countries the Northrop system 
has made only moderate progress in the British tex- 
tile industry, chiefly owing to the high cost of the 
equipment and the fact that an ample supply of efficient 
jabour for the ordinary loom, which can be run at a 
higher speed, has hitherto been available. 

The controlling agent of the Northrop mechanism 
is the weft fork, which is made to operate parts that 
eject a spent bobbin or cop-holder from the shuttle 
and insert a full one between successive beats of the 
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sley without involving any change in the speed of the 
loom. The shuttle is of the usual shape, with an open 
bottom, and provided at the rear end with a metal 
Slide and spring jaws, which are grooved to receive 
corresponding ribs on the head of the bobbin or cop 
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skewer. As seen in Fig. 96, full bobbins or skewers 
to the number of 25 are carried in the circular hopper, 
which can be filled at convenient intervals, and the 
threads made fast to the hopper stud. It rotates to 
bring each in turn directly over the shuttle box when 
the sley is at the back centre. When the weft fails, 
either from exhaustion or breakage, and the shuttle 
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NORTHROP LOOM WITH DOBBY—FRONT AND 
BACK VIEWS 
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reaches the box, the weft fork at the opposite side 
causes a transferrer to press the lowest bobbin or cop 
upon the top of the spent bobbin or skewer and force 
the latter through the bottom of the shuttle, from 
whence it drops through the box into a receptacle. The 
transferrer, however, can act only when the shuttle 
is in the proper position for receiving the full bobbin. 
If it should rebound or fail to reach home, it is sent 
across again by the picker, and the repeated action of 
the weft fork then causes the loom to be stopped. But, 
when the change has been properly effected and the 
shuttle is driven across, the weft thread falls into a 
slit leading to the shuttle eye, which it enters on the 
return stroke ; whereupon weaving continues in the 
ordinary manner. Should the thread fail to enter the 
eye, the weft fork again operates to stop the loom. The 
length of weft suspended between the battery stud and 
the cloth selvedge is severed by cutters attached to the 
temple. It will be noticed that the mechanism operates 
only after the weft has been absent in front of the fork, 
for which reason ‘“ missed picks’’ are unavoidable. 
When these are objectionable, however, a “ feeler 
motion’ can be applied, which will cause the change 
to be made just before the weft has become completely 
exhausted. 

Originally made for light cotton fabrics, the Northrop 
loom has been developed to weave almost any cloth 
that can be made from one weft, including cotton 
sheetings and shirtings, woollen and worsted cloths, 
silk and artificial silk, linen and jute, canvas and duck 
cloth, and dobby and jacquard cloths. The principle 
has also recently been applied to multiple shuttle looms 
for check and other fabrics requiring a variety of wefts. 

Fig. 96 shows the battery and changing mechanism 
together with the connections to the weft fork; Fig. 97, 


AUTOMATIC WEFT SUPPLY 109 


the Northrop loom with the Lacey top motion for 
weaving plain, twill and satin cloths up to six shafts. 
The heald shafts are controlled by inside tappets and 
are connected at the top to straps which pass round 
pulleys carried by compounded levers. By a simple 
adjustment the motion can be changed to work two, 
three, four, five, or six shafts. Figs. 98 and 99 show 
front and back views respectively of a dobby loom 
weaving cloth from three warp beams. 


CHAPTER XI 
FANCY WEAVING 


THE fabrics produced by the mechanism already de- 
scribed are usually classed as “ plain,”’ and consist of 
simple weaves such as the ordinary run of plains, twills 
and satins, either self-coloured or striped in the warp 
and requiring only one shuttle. The more ornamental 
fabrics are classed as “‘ fancies,” and according to the 
style may require mechanism for controlling a greater 
number of thread workings, a number of shuttles, or 
for the production of special effects. 

Dobby Machines. Dobby machines are invariably 
used to control shaft harnesses when the pattern requires 
more shafts than can be governed by tappets. In the 
cotton trade, dobby machines are used up to 20 shafts 
of healds, but in other branches they are sometimes 
used up to 40 shafts. They vary considerably in con- 
struction and action according to the style of loom and 
cloth to be woven. 

The simplest type of dobby is that known as the 
“single lift’ dobby, which is used for slow looms and 
heavy fabrics. Fig. 100 shows one arrangement of 
a card dobby which is identical in principle with the 
jacquard machine. Each shaft of healds is suspended 
from a stout wire hook, A, Fig. 109, which has a long 
upward turn at the bottom terminating in a slight 
bend to rest upon a supporting grid B, and a slight 
downward turn at the top. The hooks are arranged 
in one or more rows, so that their upper bends are 
normally above a flat bar or “‘ griffe,’’ C, which is caused 
to rise before and fall after every flight of the shuttle. 
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Round each hook is bent a wire D, called a “ needle,” 
which is passed through a needle board E at the front, 
and provided with a spiral spring F at the opposite 
end to keep it pressed forward through the board and 
also keep the hook normally over the griffe. In front 
of the needle board is a four-sided cylinder bored with 
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holes to correspond with the number and pitch of the 
needles and hooks, and capable of sliding or swinging 
alternately against and away from the needle board. 
Over the cylinder is passed a chain of stout paper cards 
perforated according to the pattern to be woven. When 
the cylinder is pressed against the board, needles pass 
through holes in the card into the cylinder and leave 
their hooks undisturbed, but where there are blanks in 
the card the corresponding needles and hooks are pressed 
backwards, so that when the griffe rises immediately 
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afterwards the former hooks with their shafts are lifted 
and the remainder left down. As the griffe rises, the 
cylinder moves outwards and is turned a quarter of a 
revolution by a catch to bring a fresh card opposite to 
the needles for the next pick. The machine is operated 
from a crank on the driving shaft of the loom and a 
connecting rod and levers which, in Fig. 100, cause 
the grid upon which the hooks rest to fall as the 
eriffe rises and thereby lower the hooks and shafts left 
down. This gives what is called a “split shed ” which 
is preferable for certain classes of fabrics. The machine 
is called a “‘ single lift ’’ because there is only one series 
of lifting agents, i.e. hooks and griffe, which must be 
returned to their original positions after every pick 
in order that a fresh selection may be made. The 
necessity for this greatly limits the speed at which the 
dobby, and therefore the loom, can be worked. 

To overcome the speed limitation of the single lift 
dobby the griffe and hooks are duplicated, so that each 
shaft can be lifted by either of two hooks and two griffes, 
In this manner the selection of hooks to be lifted for the 
following shed can be made whilst the shuttle is passing 
through the previously selected shed, and immediately 
the latter begins to close the new one begins to open. 
In this manner time and power are economized because 
the weight of the falling parts acts as a counterpoise 
to the rising parts. Yarn strain is also reduced because 
a longer time is available for opening a shed, and warp 
threads which have to lift for successive sheds need not 
return to their lower positions until required by the 
pattern. There is also less vibration and less risk of 
breakages and faulty cloth because the speed of the 
moving parts is reduced by one half. 

The most popular of the double lift dobby machines is 
the “ Keighley ’”’ dobby invented by Messrs. G. Hattersley 
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and Sons, of that town, and illustrated by Fig. 101 
In this machine a heald shaft is suspended from a jack, 
or elbow lever, with a curved upward bend, fulcrumed 
at the elbow upon a shaft, and connected at the end 
of the upward arm to the middle of a vertical bar or 
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baulk lever. The ends of the latter bar are connected 
to horizontal hooks, of which the top one rests upon a 
spindle supported by the end of a heavy-ended lever, 
while the bottom hook rests upon the upward turn of 
an otherwise similar lever. The heavy ends of these 
levers rest upon an eight-sided barrel, and keep the 
hooks normally above flat draw bars which are secured 


114 WEAVING 


to the top and bottom of a rocking bar that is oscillated 
about its centre by means of a connecting rod and crank 
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CIRCULAR BOX LOOM WITH IMPROVED KEIGHLEY 
DOBBY 


on the bottom shaft of the loom. A chain of wooden 
lags, bored with holes to the pitch of the heavy-ended 
levers, is passed over the barrel and, where a peg is 
inserted, the heavy end of the corresponding lever is 
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raised and the opposite end lowered so that a hook may 
drop into the path of the draw bar. Thereupon the 
end of the baulk lever is drawn forward and the heald 
shaft lifted. But, when one draw bar is at its extreme 
outward position, the other is at its inward position 
receiving the opposite set of hooks to be drawn and 
ready to move forward as the other returns. Ifa heald 
shaft having been lifted by the action of, say, the top 
hook and top draw bar for one pick requires to be lifted 
for the following pick, the lower end of the baulk lever 
will begin to move forward as the upper end begins to 
return, and thus, with the exception of a very slight 
downward movement due to the necessity for moving 
the bars slightly farther to allow the hooks being lifted 
clear, the middle of the bar and therefore the position 
of the jacks and healds remains unchanged. In this 
manner the principle of open shedding is obtained. 
Fig. 102 shows the latest type of Keighley dobby, in 
which the draw bars are moved in inclined slots to 
overcome the tendency of the hooks to be thrust off 
the bars as they near the extremity of their stroke. 
In the heavy woollen trade the Dobcross dobby, 
Fig. 103, made by Messrs. Hutchinson, Hollingworth 
& Co., is largely used. This is made with a capacity 
up to 40 jacks and heald shafts and, besides controlling 
the shedding, also controls the taking-up, picking and 
shuttle boxes, which is a very decided advantage in 
fancy weaving, since all are kept in their correct relation- 
ship in any re-adjustment which may be required. The 
novel feature of this machine is the use of toothed discs 
and cylinders for moving the heald shafts. The top 
shafts of the healds are connected by cords to the 
vertical arms and the bottom shafts to the horizontal 
arms of L-shaped levers fulcrumed at the elbows. The 
vertical arms are joined by connectors with thin toothed 
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discs which are supported so that they can turn freely 
upon vibrator levers. These vibrators are fulcrumed 
at one end and rest upon a cylinder over which a chain 
of spindles carrying metal collars and bowls is passed. 
A bowl has the effect of raising a vibrator levcr and 
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disc so that the latter may gear with a cylinder which 
is toothed half way round its circumference, while a 
collar allows the disc to drop into the path of a similar 
cylinder underneath. In this manner the vertical 
arm is either pulled forward to raise its healds or thrust 
backwards to raise the horizontal arm and pull the 
healds down. Provision is also made for keeping the 
position of a heald shaft unchanged until required by 
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the pattern. Thus the shedding is “open” as well 
as “ positive.” 

A number of fabrics such as towels, shawls and 
handkerchiefs have borders of different weaves at the 
ends. These are known as cross borders and dobbies 
for weaving them are provided with arrangements 
which facilitate the changes of pattern. Thus the 
single lift card dobby may have a cylinder and cards 
containing two or more rows of holes each capable of 
producing a different weave. When the pattern has 
to be changed the needles are moved opposite to the 
desired row by means of a handle which raises or lowers 
the needle board. In the Keighley dobby the same 
result is obtained by the provision of extra cylinders 
_and chains of lags which can be automatically moved 
into and out of action at the proper time. This is 
shown on the terry towel loom, Fig. 104, which auto- 
matically changes the weave and the shuttles for the 
headings, and also makes the fringes at the ends of the 
towel. 

Shuttle Box Motions. When the cloth to be woven 
requires a variety of wefts mechanism must be provided 
for controlling the requisite number of shuttles. In 
the early days of the hand loom these shuttles were 
placed on the cloth in front of the weaver, who selected 
them in the required order for throwing through the 
shed and afterwards returned them upon the cloth. 
This method continued in use until the year 1760, when 
Robert Kay, the son of the inventor of the fly shuttle, 
arranged a series of shelves which could be raised and 
lowered to bring any desired shuttle under the action 
of the picker by means of a lever fixed behind the sley. 

On the introduction of the power loom many attempts 
were made to enable multiple weft cloths to be woven. 
Among other inventors, Dr. Cartwright placed shuttles 
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in the compartments of a flat tray which was pulled 
and pushed to bring the proper shuttle under the action 
of the picker. Other inventors followed, but it was not 
until the year 1843 that Luke Smith provided a satis- 
factory arrangement in the form of a circular box, and 
two years later Squire Diggle was successful with a 
drop box motion. 

In the circular box motion, shown on the loom in 
Fig. 102, the boxes are arranged in the form of a cylinder, 
usually for six, but sometimes up to twelve, shuttles 
and usually at one side of the loom only. The cylinder 
is supported at the end of the sley by a hoop and a shaft 
upon which is also fixed a disc from which project as 
many pins as there are boxes. The disc and boxes 
may be turned in either direction by two catches 
which rest above the pins. Each catch is at the end 
of an upright rod connected with a horizontal lever 
that is fulcrumed at the centre and provided with a 
similar hooked rod at the opposite end. This latter 
hook passes through a slot in a lever which is raised 
once every two picks by means of a cam and bowl. The 
slot is long enough to allow the lever to be lifted with- 
out moving the catch, in which case no change is made 
in the position of the boxes; but the catch may be 
thrust upon the full part of the lever by means of an 
arm governed from a cylinder and chain of perforated 
stecl cards. When the catch is lifted the opposite end 
of the bottom lever is pulled down and the disc catch 
caused to turn the disc and cylinder. High speeds can 
be attained with this motion because there is very little 
rebound in the boxes and the rotary motion gives a 
steady movement. Also a greater number of shuttles 
can be controlled without decreasing the speed of the 
loom. The arrangement is, however, suitable only 
for light and medium weight fabrics, because it is 
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necessary to use a loose reed. In the ordinary arrange- 
ment of the motion the movement is limited to one box, 
but additional parts can be added whereby any box 
can be brought into action 

In Diggle’s drop box motion the boxes are fixed at 
the top of a rod which is supported at the end of a lever 
from which a connecting rod passes to an upper lever 
fulcrumed at one end and provided at the middle with 
a bowl that rests upon a barrel over which a chain of 
links is passed and moved intermittently. The links 
are of different heights according to the movement to 
be given to the levers and boxes, a high link lifting 
the boxes and a low one allowing them to fall. This 
motion is still used for slow-running looms and heavy 
goods as it is simple in construction and certain in 
action. In other cases, however, the length and weight 
of the chain is cumbersome for long patterns ; it is not 
advisable to skip more than one box, and high speeds 
are impossible owing to the rebound which follows 
the falling of the boxes. 

Probably the most successful of modern drop boxes 
are those constructed upon Whitesmith’s principle in 
which the movement is positively controlled by ecccn- 
trics, an arrangement which places no limit upon the 
speed of the loom and enables the shuttles to be brought 
to the race board in any desired order. As shown in Fig. 
104, the box rod is supported at the end of a lever which 
is connected at the opposite end with a strap that 
encloses two or more compound eccentrics, one inside 
the other. Each eccentric is capable of independent 
movement and of determining the position of the boxes 
according to the extent of its throw. For four boxes 
two eccentrics are used, the inner one having a throw 
equal to the lift of one box and the outer one a throw 
equal to the lift of two boxes. The eccentrics are 
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TERRY TOWEL LOOM WITH CROSS BORDER DOBBY 
AND ECCENTRIC SHUTTLE MOTION 
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actuated by clutches and controlled by needles and a 
chain of steel cards, or, as in Fig. 104, by connections 
from the dobby. In the older motions of this type similar 
cards did not always bring the same box into the 
operative position owing to the fact that the eccentrics 
were rotated in one direction only. This objection 
has been overcome by providing a separate needle for 
each box, which greatly facilitates the building of the 
chain and enables the weaver to bring any desired box 
into position. 

Lappets, Swivels, Smallwares and Warp Pile. Out 
of the many mechanisms used for the production of 
special effects the above named may be briefly described. 

Lappet and swivel mechanisms are used to produce 
effects which resemble those obtained by embroidery. 
In lappet weaving a series of ‘‘ extra ” warp threads 
from one or more small rollers, called whip rolls, are 
passed between the healds of the ordinary, or ground, 
warp threads, under the sley and through the eyes of 
needles fixed in the tops of thin flat bars or frames. 
These frames—up to four in number—are supported 
in a slot between the race board and the reed in such 
a manner that they can be raised to bring the eyes 
and whip threads to the top line of the shed. After 
the shuttle has passed the frames are dropped and 
moved sideways whilst the sley advances to beat up the 
weft, following which the needles are again pushed 
through the warp and the whip threads secured above 
the weft in the new position. The illustration, Fig. 
105, shows the Scotch lappet motion in which the 
lateral movement of the frames, and therefore the 
outline of the pattern, is controlled by a groove cut in 
the face of a flat disc carried at the end of the sley. In 
the Lancashire lappet motion the pattern is determined 
by indentations cut in the edge of a hollow cylinder. 
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Chains of pegged Jags are also used for the same 
purpose. 

In swivel weaving a series of small shuttles are used 
to produce embroidery effects from extra weft. These 
shuttles are carried in a rack in front of the sley cap 
in such a manner that the whole can be lowered to the 
level of the race board and the shuttles passed through 
sheds formed in gaps in the rack. The latter is then 
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raised whilst an ordinary or ground shuttle is passed 
through an ordinary shed. The closeness of the figures 
so produced is limited by the size of the shuttles 
and the gaps of the racks. The arrangement will be 
understood by reference to Fig. 106. 

As already mentioned, in smallware and ribbon 
weaving a number of tapes or ribbons are woven 
simultaneously. The warps for the several fabrics are 
spaced in the loom and a separate shuttle is provided 
for each so that perfect selvedges may be formed, The 
shuttles are moved from side to side through sheds 





Fig 106 
SWIVEL LOOM 
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formed in their respective warps, by the rack and pinion 
arrangement employed in the swivel loom described 
above, or driven through on the fly shuttle principle, 
by upright pegs fixed in a sliding bar. Fig. 107 shows 
a jacquard ribbon loom in which each ribbon may use 








Fic 108 
BRUSSELS CARPET LOOM 


up to six shuttles, the latter being mounted in tiers 
and brought into operative position by the raising or 
lowering of the sley or batten. 

In the ordinary warp pile fabrics such as velvets, 
plushes and certain kinds of carpets, notably Brussels 
and tapestry, it is necessary to insert, at intervals, 
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wires in sheds formed with the pile thread in the top 
line and after a number have been so woven into the 
cloth, to withdraw them. Between each wire a number 
of picks of weft are inserted and the interlacing is of 
such a kind that the pressure of the reed forces the 
wires upon the surface of the cloth. In the power 
loom, the wires are automatically inserted and 
withdrawn and the pile thread may either be left 
in loops or cut by a knife at the end of the wire. The 
wire motion is shown on the Brussels and Wilton carpet 
loom (Fig. 108), in which the pile threads are drawn from 
bobbins in the creels or frames shown behind the loom, 
each frame usually containing a different colour. 


CHAPTER AII 
JACQUARD WEAVING 


WueEN the number of thread workings in the design 
to be woven is beyond the capacity of a shaft harness 
a thread or twine harness is used. This consists of a 
series of long twines each provided with a “ mail” or 
metal eye (see Fig. 109) to receive a warp thread and 
a ‘‘lingoe”’ or wire weight to keep it steady and also 
to return it to its original position after it has been 
lifted. The twines are passed through the holes of a 
“cumber ”’ or “ comber ” board, which regulates their 
closeness and keeps them in their proper order. 

The Chinese are credited with the invention of this 
arrangement and are said to have records of its use for 
more than two thousand years. In its original form, 
which is still used in China, an assistant, located upon 
a platform above the warp, forms the sheds by drawing 
up the cords which have been previously selected and 
bunched together. In this form the arrangement 
appears to have been introduced into Europe and the 
method of selecting and drawing the cords was grad- 
ually improved until it finally resulted in the jacquard 
machine, which is now invariably used for figure 
weaving. 

About the year 1603 a Frenchman named Simblott 
connected the harness cords to a series of tail cords 
which were passed over pulleys in a box and continued 
horizontally to a hook in the wall of the room. At 
a convenient point outside the loom a series of vertical 
cords, called ‘the simple,” were secured to the tail 
cords and also to a bar fastened to the floor. The 
assistant or “ draw boy ” was thus enabled to work at 
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the side of the loom. Before commencing to weave 
the simple cords to be drawn for successive sheds were 
selected and bunched together by thin leashes which 
were looped round one or more thick cords parallel with 
the simple. By grasping the leashes in succession, 
the draw boy was thus enabled to separate and draw 
the required simple cords. The 
frontispiece shows the “ draw loom ” 
as introduced into this country in 
the seventeenth century. 

When the harness was extensive a 
number of draw boys were required, 
and it is therefore not surprising to 
find that many attempts were made, 
either to facilitate the work of the 
draw boy, or to dispense with his 
aid. 

English inventors attained a fair 
amount of success in the first named 
direction, but the French proceeded 

Fic. 109 on the latter lines, and finally de- 

SECTION THROUGH Veloped the jacquard machine which 

JACQUARD AND immediately displaced all other 

HARNESS methods of controlling harnesses for 
figure weaving. 

The first step in the development of the jacquard 
was made in 1725 by Bouchon who tied a hooked wire 
to the end of each simple cord and passed it through 
the loop of a horizontal wire or needle which was pro- 
jected slightly through a needle board. ‘A band of 
paper, perforated with holes according to the pattern, 
‘was passed over a round, grooved or perforated cylinder 
and pressed against the needles. Thereupon needles 
which were opposite holes in the paper passed through 
the same and, together with their hooks, remained 
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undisturbed. But blanks in the paper pressed back 
needles and brought their hooks beneath the pins of a 
sliding comb which was depressed by a foot treadle 
to draw down the hooks and simples. Three years 
later Falcon arranged the needles and hooks in rows 
in order that space might be economized and a larger 
number more conveniently controlled. He also used 
a corresponding number of bars fixed in a frame for 
drawing the hooks and a square cylinder over which 
was passed a chain of cards instead of a continuous 
band of paper. In 1746 the famous inventor Vaucanson 
swept away the tail cords and simple and dispensed with 
the services of the draw boy by placing the hooks 
upright above the loom and suspending the harness 
cords directly from them. He arranged the hooks in 
two rows, used the continuous band of paper and 
round cylinder of Bouchon, and made the cylinder 
move against and away from the needles and turn to 
bring a fresh row of holes in the paper into operative 
position. The bars or “ griffe” for lifting the hooks 
were raised by a lever under the control of a treadle 
beneath the loom. Little use appears to have been 
made of the machine, apparently owing to the tendency of 
the hooks to turn round and become inoperative, and the 
difficulty of securing the correct action of the cylinder. 

In 1790 Joseph Marie Jacquard, a silk weaver of 
Lyons,. completed a machine for controlling a harness, 
which, however, bore no resemblance whatever to that 
which we now know by his name. About 1804 he was 
called to Paris to repair a model of Vaucanson’s machine 
and appears to have set about improving its details. 
He altered the shape of the hooks and the method of 
lifting the griffe; he also substituted Falcon’s chain 
of cards and square prism, which he perforated on 
each face, and improved its manner of working. 
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Eventually he produced a machine which ‘ would work ”’ 
and which has remained unaltered in its essential 
details to the present day, although most of its parts 
have been modified. 

The original jacquard machine was “ single lift ’’ in 
its action and satisfied the requirements of the ordinary 
hand loom in use. But as the latter became displaced 
by the power loom, there arose a necessity for higher 
working speeds and for modifications to suit special 
looms and fabrics, with the result that there is to-day 
quite a number of distinct types of jacquards. Thus 
we have ‘“‘single lift,” ‘double lift,” ‘split shed,” 
“open shed,” “ cross border,”’ “ twilling,” “ leno,” and 
“ carpet” jacquards. 

The size of jacquards is of course varied according 
to the repeat of the design to be woven, the following 
standards being in general use in this country— 


100’s containing 26 rows of 4 or 104 hooks in all. 
200’ 


00’s 3 26 —CO«, 8 ,, 208 
400’s - 51, 8 ,, 408 __,, i 
500’s i 51, =—s:10,,, 510 —=»", re 
600’s 5 51,212, 612 


Until recently designs of larger repeat were provided 
for by placing two or more jacquards together, but 
instead of this, “ fine pitch ” or “‘ fine index’ machines 
are now being used. In these machines the hooks and 
‘needles are made of finer wire and placed closer together, 
with the result that a greater number can be contained 
in a single framing; this simplifies the harness and 
reduces the weight and cost of cards. The closer pitch 
of these jacquards involves more accurate setting and 
working than is necessary in the older pitch. In the 
Verdol jacquard, which has the finest pitch of all, a 
special attachment is used to operate the needles and 
hooks instead of the ordinary type of cylinder and the 
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pattern is determined by a band of perforated paper 
which is only one-fifth the weight of the cards for the 
same size of design. 

A brief description of 
the various types may 
now be given. Fig. 109 
shows the essential 
parts of the jacquard 
and harness and Fig, 
110 the arrangement of 
hooks and needles in a 
400’s single lift machine, 
which is also shown 
complete at Fig. 111. 


An 





Fic. 110 


SECTION THROUGH SINGLE 
LIFT JACQUARD 





The action is identical with 
that of the single lift 
dobby, Fig. 100, the 
harness cords and warp 
threads being lifted by the 
hooks and griffe and selected by the needles, cards 
and cylinder, and the whole operated from the crankshaft 
of the loom. The maximum speed at which this type 
can be run is about 120 lifts or “‘ picks ’’ per minute, hence 
itis only suitable for wide and other slow running looms. 


10—(1458p) 
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SINGLE LIFT JACQUARD— 
SWING MOTION 
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Two distinct types of double lift jacquards are in 
use, namely, the double lift single cylinder and the 
double lift double cylinder machines The arrange- 
ment of hooks and needles in the first named is 
shown at Fig. 112, from which it will be seen that 

each harness cord is 
attached to a pair of 
adjacent hooks which 


enn it rate rifles that work 


oppositely to each 
other, on the prin- 
ciple already described. 


EERE EEE 3 sano Each pair of hooks, 
i PtH peste however, is under the 
ooo «control of the same 


needle and cylinder, 

d IL. which must therefore 
work at the full loom 

HA speed although the 

“tl ; griffes move at 


only half that speed. 

In the double lift 

double cylinder ar- 

rangement shown at 

Fic. 112 Fig. 113, both lifting 

SECTION THROUGH DOUBLE LIFT and selecting parts are 
SINGLE CYLINDER JACQUARD duplicated and the ma- 
chine really consists of 

two complete jacquards one within the other. In this 
manner a speed of 180 picks per minute can be attained 
against 160 with the single cylinder machine. The 
double cylinder arrangement however involves the use of 
two chains of cards, one for odd numbered and the other 
for even numbered picks of weft. As these chains are 
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liable to get out of their proper sequence and spoil the 
pattern, the single cylinder machine with its single chain is 
often preferred notwithstanding its lower working speed. 

The principle 
of the split shed 
jacquard will be 
understood by 
reference to the 
single lift split 
shed dobby (Fig. 
100) 


Many attempts fi wees 
have been made 27“ AS 
to apply the prin- i 
ciple of open 
shedding to the 
jacquard but so 
far a satisfactory 
arrangement has 
not been obtain- 
ed. In most cases 
a supplementary 
stationary griffe 





is provided to re- DOUBLE LIFT DOUBLE CYLINDLR 
ceive and retain § JACQUARD WITH SLIDE CYLINDER 
the hooks, which MOTION 

are specially con- 


structed, as long as their warp threads require to 
be above the weft. But whilst it is easy enough to 
place the hooks upon the stationary griffe it is difficult 
to push them off when they require to fall again. 

In cross border jacquards the hooks of an ordinary 
single lift machine are also under the control of a 
supplementary cylinder and set of needles, or a double 
lift double cylinder machine is converted to work as 
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a single lift, and in both cases one cylinder and set of 
cards is worked for the border design and the other for 
the centre, the change being made either by the weaver, 
or automatically by the action of special hooks in the 
jacquard itself. 

Twilling jacquards are largely used in linen damask 
weaving and are arranged to form the satin or twill 
binding of the ground and figure. This greatly reduces 
the work of preparing the design. Formerly the com- 
bination of shaft and twine harnesses known as 
‘pressure harness’ was used in weaving these fabrics. 

Leno jacquards are used in weaving the cross woven 
fabrics known as “‘ leno brocades ” and differ from the 
ordinary jacquard in having a supplementary griffe 
which gives a reduced lift to the “slackener”’ or 
“easier '’ mails at the time when the cross shed is being 
formed. 

Carpet jacquards vary according to the structure of 
the fabric. The Brussels carpet jacquard often has 
knotted cords in place of hooks and a hole board in 
place of a griffe. The holes of the board have small 
slots out of which the cords are thrust when the needles 
are pressed back by the action of the card. Cords left 
in the slots are then lifted by their knots when the 
board rises. In the Kidderminster carpet jacquard 
one cylinder and set of needles control the hooks of two 
distinct machines which are placed side by side in the 
same framing. One set of hooks is normally “on” 
or over its griffe and the other set turned in the con- 
trary direction and normally “ off” or away from its 
griffe. The effect of a hole in the card is thus to lift 
an ‘‘on” hook and a blank to lift an “ off” hook. 
The griffes lift alternately and the same card is pressed 
against the needles for two successive picks. The 
use of this machine, which is sometimes called a “‘ twin ” 
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jacquard greatly simplifies designing when two sets of 
warp threads require to work oppositely to one another. 

Attention may now be turned to the harness. The 
cords are attached to the hooks in various ways accord- 
ing to the style of the design to be woven. The order 
of attachment is known as the “ tie-up ” and this may 
be “solid”’ or “ single,” ; “ lay-over’”’ “ vandyke ” or 
‘centred, ;”’ “ bordered,” or any combination of these. 
The “‘ solid” tie up can only be used for narrow fabrics, 
such as ribbons, because there must be as many hooks 
as there are warp threads, each of which may however 
be worked differently from the rest. The “ lay-over ” 
tie is used when the design is to be exactly repeated a 
number of times across the width of the cloth and each 
hook controls one thread out of each repeat. The 
‘‘vandyke ” tie-up is used when the design is symmetrical 
or can be turned over about a centre line; with the 
exception of the first and last, each hook then controls 
two threads in each repeat and the effect is thus to 
produce a design of twice the size as the same number 
of hooks would produce with a lift-over tie. In bordered 
ties a portion of the hooks are set off to govern the 
border threads and the remainder the centre threads 
of the cloth. 

To increase the size of pattern obtained by a given 
size of jacquard adjoining threads of fine silk and linen 
fabrics are often controlled by the same hook and 
thereby worked as one in forming the figure, which is 
correspondingly increased in size. The threads are 
then split up by a supplementary harness and worked 
singly in the ground of the design. In “ bannister,” 
or “ double-scale ’’ weaving, this is accomplished by 
forming long loops in the harness twines between the 
cumber board and mails and inserting a thin shaft 
through a long row of loops. The shafts are then lifted, 
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according to the desired ground weave, by special 
hooks in the jacquard which is thus left to concern 
itself only with the lifting for the figure. 

In pressure harness weaving a number of warp threads 
are drawn through the eyes of a “ decked’’ mail and 
then singly through the heald eyes of a front shaft 
mounting containing as many shafts as are required by 
the ground weave to be used. The healds have eyes 
deep enough to allow of a shed being formed in them 
by the lifting of the mail harness. For each pick of 
weft one of the shafts is lifted to bind the ground 
warp threads left down by the mail harness. Also one 
shaft is pulled down toa lower level to bind those threads 
lifted by the mails to form figure. The remaining 
shafts are left in a midway position and do not affect 
the action of the mail harness. On account of the 
strain put upon the warp by the combined action of 
the healds and mails the shed and shuttle have to be 
very small. This is a very old method of figure weaving 
and was used in weaving the rich damask fabrics for 
which the eastern weavers of old were famous. Besides 
increasing the size of the pattern the arrangement 
simplifies designing. Although the outline of curved 
figures woven in this manner is somewhat lacking in 
precision, this is hardly noticeable in the fine fabrics 
for which it is used. Twilling jacquards are now used 
in the linen damask trade to produce the same effect. 

In another kind of compound harness weaving, shown 
in the frontispiece, certain of the warp threads, which 
work in a simple order, are controlled by a shaft harness 
and treadles, or in the power loom by tappets. The 
remainder of the threads are governed by the jacquard 
harness and are lifted to stitch through the cloth 
produced by the action of shaft mounting and form 
figures of a “ quilted ” or embossed character. 
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Fig. 114 shows the piano card cutting machine 
which is used to transfer the design from the point 
paper to the cards. The headstock is provided with 
keys which are worked by the fingers to lock punches, 
and all are then depressed by the right foot and treadle 
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to force the punches so locked through the card. The 
point paper is ruled off by thick lines into divisions 
which correspond with the number of hooks in one row of 
the jacquard to be used, namely, eight for a 200’s or 400’s 
machine, twelve for a 600’s, and so on, and the design 
is read off bar by bar and cut row by row in the cards. 
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Repeat of a weave, 38 
Repp cloth, 41 
Ribbon weaving, 122 
Ring spinning, 9 
Roberts, Richard, 63 


SATEEN cloth, 44 
—— weave, 44 
Satin cloth, 44 
—— weave, 44 
Seaton loom, 103 
Serge twill, 44 
Shalloon twill, 44 
Shedding, 50, 52 
Sheeting twill, 44 
Shuttle box motions, 117 
— —— ——._, circular, 118 
—— ——- ——, drop, 119 
—— ——- ———., eccentric, 119 
Sicilian textiles, 3 
Silk spinning, 12 
—— yarns, 12 
Simblott, 127 
Single yarns, 12 
Sizing, 22 
Sley, 54, 77 
Smallware weaving, 122 
Smith, Luke, 117 
Spinning— 

Cotton, 7 

Function of, 7 

Flax, 10 

Jute, 10 

Mule, 8 

Ring, 9 

Silk, 12 

Throstle, 8 

Wool, 11 
Stell, Joseph, 60 
Stop rod, 92 
Swivel loom, 60, 121 


TAKING-UP, 83 
—— motion, Pickles’s 88 
—— ——, positive, 84 

-, negative, 84 





Tappets, picking, 73 
, Shedding, 66 
Temples, 97 
, bar, 97 
———, hand loom, 97 
, ring, 99 
, roller, 98 
——, star, 100 
Textiles— 
Ancient British, 3 
Chinese, 1 
Egyptian, 1 
Indian, 2 
Italian, 3 
Peruvian, 2 
Sicilian, 3 
Textile fabrics, 7 
‘Threads, 7 
Throstle spinning, 8 
—— yarn, 8 
Turkish towelling, 38 
Twills, 41, 44 
Twisting-in, 18 











UNDER-PICK motion, 75 


VAUCANSON, 56, 129 
Velvet weaving, 38, 125 
Velveteen, 38 


Warp preparation, 15 
—— protectors, 92 
—— stop motions, 91 
Warping, 20 
Waste yarn, 9 
Weaves, 38 
——, elementary, 39 
Weaving— 
Carpet, 79, 125 
Chinese, 127 
Damask, 136 
Essential motions of, 51 
Jacquard, 127 
Lappet, 121 
Plush, 125 
Primitive, 51 
Ribbon, 122 
Smallware, 122 
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Weaving— 
Swivel, 121 
Velvet, 125 

Weft fork, 89 

Wool, English, 4 

, spinning, 11 

Woollen yarn, 11 

Worsted yarn, 11 





YARN, 7 
combed, 9 
condenser, 9 
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Yarn, counts, 13 
——~, doubled, 12 
——, flax, 10 

, Jute, 10 
——, mule, 8 

, Ting, 9 

, silk, 12 

, single, 12 
——, throstle, 8 
——, waste, 9 
——, woollen, 11 
———, worsted, 11 
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3/6 


1/6 


3/- 
3/6 
3/6 
6/- 


BANKING AND FINANCE 


Answers to Questions Set at the Examina- 
tions of the Institute of Bankers 


By L. L. M. Minty, Ph.D., B.Sc., Econ., B.Com.— 
Foreign Exchange. Part I & Part I Each Net 


Economics. Part I & Part Il . + Each Net 
eee Grammar and Composition. Part I Net 
‘5 Part II . Net 


Banker. asa Lender, The 
By F. E. STEELE. ; ; : : . Net 


Bankers’ Advances 
By F. R. Steap. Edited by Str JoHN PAGET, K.C. Net 


Bankers’ Advances Against Produce 


By A. Witiiams, A.I.B. : Net 

Bankers and the Property Statutes of 1925 
and 1926. By R. W Jongs : . Net. 

Bankers’ Credits 

By W. F. SPALDING A . Net 
Bankers’ Securities Against Advances 

By LAwRENCE A. Foaa, Cert. A.I.B. ; . Net 
Bankers’ Clearing House, ane 

By P. W. Matruews : , : . Net 
Bankers’ Tests 

By F. R. Steap : . Net 
Bank Organization, Management, etc. 

By J. F. Davis, M.A., D.Lit., LL.B. (Lond.) . Net 
Bills of Exchange Act, 1882, The 

By M. H. MreGraun, B.Com. ; Net 


Bills of Exchange Acts, A Practical Exam- 
ination of the 


By C. H. FENNELL : ‘ : . Net 
Cheques. By C. F. HANNAFORD ; . Net 
Dictionary of Banking 

By W. THOMSON and LLOYD CHRISTIAN . - Net 


Dictionary of Banking Terms in Three 
Languages, (enguel: -French- ere) 
By L. HERENDI : Net 
Dictionary of the World’ Ss Currencies aad 
Foreign Exchanges 
By W. F. SPALDING ‘ Net 
Eastern Exchange, Currency, and Finance 
By W. F. SpaLpine ‘ ; ‘ . Net 


1] 


PRICE 


3/6 
5/- 
5/- 


5/- 


6/- 
6/- 


10/6 


7/6 


10/6 


6/- 


7/6 


6/- 


30/- 


21/- 


380/- 
15/- 


Banking and Finance—contd. 
PRICE 
Elements of Banking 


By J. P. GANDY. , Net 2/- 
English Bankins Administration, An Outline of 
By Joseru Sykes, B.A. (Lons.) ; : . Net 2/6 
English Banking Methods 
By L. 1. M. Minty, Ph.D., B.Sc., B.Com. . Net 15/- 
English Composition and Banking Corre- 
spondence 


By L. E. W. O. FuLLBROOK-LEGaATT, M.C., B.A. Net 5§/- 


Foreign Banking Systems 
Edited by H. PARKER WILLIS and B. H. BECKHART 


Net 21/- 
Foreign Exchange and Foreign Bills in Theory 
and in Practice. By W. F. SracpIne . Net 7/6 
Foreign Exchange, A Primer of 
By W. F. SpaLpina g . Net 38/6 
Foreign Exchanges, Arithmetic and Practice 
of the. By A. G. Sua, Cert. ALB. . . Net 8/6 
Foreign Trade, The Finance of 
By W. F. Spacpina ; . : : . Net 7/6 
Functions of Money, The 
By W. F. SPALDING ’ ‘ : . Net 7/6 
How to Succeed in a Bank 
By F. F. STeErie. : . - Net 3/6 
London Money Market, The 
By W. F. SvaLpina ; : . Net 10/6 
Money, Exchange, and Banking 
By H. T. Easton, A.L.B. , Net 6/- 
Notes on Banking and Commercial Law 
By T, Luoyp Davies. . Net 3/- 
Practical Banking 
By J. F. G. Baasnaw, Cert. A.I.B. ; . Net 7/6 
Talks on Banking to Bank Clerks 
By H. E. Evans. . Net 2/6 
Theory and Practice of Finance, The 
By W. CoLtin Brooks . A . Net 10/6 


Title Deeds Old and New 
By Francis R. STEAD. 3 : ; » Net 5/- 


INSURANCE 


Actuarial Science, The Elements of 


By R. E. UNDERWOOD, M.B.E., F.I.A. , ~ Net 
Average Clauses and Fire-Loss Apportion- 
ments. By E. H. Mtnnion, F.G.1I. . . Net 


Building Construction, Plan Drawing, and 
Surveying in Relation to Fire Insurance 


By D. W. Woop, M.B.E. ‘ : ‘ . Net 
Burglary Risks 

By E. H. Grout, B.Sc., A.C.L.1. : . . Net 
Business Man’s Guide to mueurance is 

By A. PHILpotr : ; Net 


Casualty Insurance 
By C. J. CRoBaAvaH, M.A., and A. E. REDDING, B.S. Net 


Compound Interest, a of 
By H. H. Epwarps ‘ ‘ . Net 


Credit Risks, Commercial. By G. 0.Swam Net 


Dictionary of Accident Insurance 
Edited by J. B. WELSoN, LU.M., P.C.L1.. F.C.LS. Net 


Fire Extinguishment and Fire Alarm Systems 


By R. NortTHwoop ‘ . Net 
Fire Insurance, Common Hazards of 

By W. G. Kusier Riviey, F.C.1.1. j - Net 
Fire Insurance, Dictionary of 

Edited by B. C. Remeron. F.C.LI. : . Net 
Fire Insurance, mEinerpiee and precoce of 

By F. Gopwin ; : . Net 
Fire Insurance, The Law of 

By J. Rowzartt, B.A. , . Net 
Fire Policy Drafting and Endorsements 

By W. C. H. DARLEY . Net 
Fire Waste. By G.E. Krav. .  .  . Net 
Guide to Marine Insurance 

By Henry KEATE . ‘ : ‘: , . Net 
Insurance 

By T. E. Youna, B.A., F.LA. FLRAS.. ~ Not 


Insurance Office Organization and Routine 
By J. B. WeErson, LL.M.., pyres F.O.LS., and F. H. 
SHERRIFF, F.I.A. . Net 


Insurance of Profits. = A. GU. MackEN .. Net 
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PRICE 


5/- 


8/6 


6/- 
10/6 
3/6 
25/- 


5/- 
5/- 


60/- 
7/6 
5/- 


30/—- 


Insurance—contd. 


Insurance of Public Liability Risks 
By 8S. V. Kmxpvatrick, F.C.LI. ; ‘ . Net 


Law and Practice as to Fidelity Guarantees 
By C. Evans and F. H. JoNnEs : ‘ . Net 


Law of Accident and montngency coeuran 
By F. H. JoNEs .. . Net 


Life Assurance from Beaposal to Policy 
Bv H. IToskinae i a F.I.A., ities foes ve W. 


Ty Ler, F.I.A. Net 
Life Assurance, Guide to 

By 8S. G. Lien, F.1.A. . . , , . Net 
Marine Insurance of moods, ane 

By F. W. S. Poor : ; . Net 
Motor Insurance. By W.F. Topp .  . Net 


Pension and Superannuation Funds, Their 
Formation and Administration Explained 
By BERNARD Rosertson, F.I.A., and Ll. SAMUELS Net 


Pension, Endowment, Life Assurance, and 
Other Schemes for Commercial Companies 
By H. Doucnanrty, F.C.1.1. . ; ‘ . Net 


Personal Accident, Disease, and Sickness 
Insurance, The Principles and praca of 


By J. B. WEnson, LL.M. : . Net 
Physiology and Anatomy 
By H. Garpinenr, M.S., F.R.C.S. : ‘ . Net 


Principles and Practice of Accident Insurance, 
The 


By G. E. BANFIELD, A.C.I.... é ‘ . Net 
Principles of Insurance 

Ry J. ALFRED EKE ‘ ‘ : . . Net 
Successful Insurance Agent, The 

By J. J. Bisagoop, B.A., F.C.1.S., J.P. ; . Net 
Talks on Insurance Law 

Ry J. A. Watson, B.Sc.. LL.B. ‘ ‘ . Net 


Workmen’s Compensation Insurance 
By C. EK. Gotpine, LL.D., F.C.LT., FSS, . Net 
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PRICE 


5/- 
6/- 


7/6 


6/- 
5/- 


15/- 
6/- 


5/- 


6/- 


5/- 


10/6 


3/6 


o/- 


SHIPPING 


Case and Freight Costs 
By A. W. E. CROSFIELD 


Exporters’ Handbook and Glossary, The 


By F. M. DUDENEY 


How to Export Goods. By F. M. Dupenzy. 
How to Import Goods. By J. A. Dunnace . 


Import and Export Trade. By A.S. Harvey 
Importer’s Handbook, The. ByJ. A. DunnacE 


Manual of Exporting 


By J. A. DunnaGge, F\S\S., F.C.1., A.M.Inst.T. 


Shipbroking, Introduction to 
By C. D. MacMurray and M. M. CREE 


Shipping. By A. HALL and F. Hrywoop 
Shipping and Shipbroking 
By C. D. MAcMurRRAY and M. M. CREE 


Shipping Business Methods 
By R. B. PAaun : , 


Shipping Finance and Accounts 
By R. B. Pau 


Net 


Net 
Net 
Net 
Net 
Net 


Net 


Net 
Net 


Net 


Net 


Net 


Shipping Office Organization, Management, 


and Accounts. By AtFrrep CALVERT. 


Shipping Terms and marae’ 
By J. A. DUNNAGE 


INCOME TAX 


Income Tax and Super-Tax 
By EK. E. Spicer and EH. C. PEGLER ; 


Income Tax, Snelling’s Beacuc! 
By C. W. CHIVERS 

Income Tax Relief, Double 
By H. E. SEED and A. W. RAWLINSON 


Income Tax Reliefs 
By A. W. RaAwttnson, A.C.A. 
Income Tax, Super-Tax, and Suctax 
The New Law Explained 


By V. Watton, F.C.A., F.R.S., F.R.Econ.s, 


15 


Net 


Net 


Net 


Net 


Net 


Net 


wet 


PRIOE 


2/- 


7/6 
2/- 
2/—- 
21/- 
10/6 


10/6 


3/6 
2/- 


15/- 


2/6 
6/- 


2/6 


12/6 
3/6 
10/6 


20/- 


7/6 


SECRETARIAL WORK, ETC. 


Chairman’s Manual 
By Gurpon PA.in, and Ernest Martin, F.C.LS. Net 


Company Re¢gistrar’s Manual, ane 


By J. J. QUINLIVAN : ; . Net 
Company Secretarial Work 
By E. Martin, F.C.LS. . : . Net 


Company Secretary’s Vade Mecum > 
Edited by P. Tovey, F.C.I.S. Revised by C. W. ADAMS, 


A.C.LS. : ; ‘ : i ; . Net 
Dictionary of Secretarial Law and Practice 

Edited by Pamip Tovey, F.C.1S.  . é Net 
Examination Notes on Secretarial Practice 

By C. W. Apams, A.C.IS. —. Net 
Formation and Management of a Private 

Company 

By }*. D. HEAD, B.A. ‘ ; . Net 
Guide for the Company Secretary 

By ARTHUR COLES. . Net 


Guide to Company Secretarial Work 
By O. O_pnaM, A.C.LS. pee by i me BUCKNELL, 


A.C.LS. (Hons. ; . Net 
Honorary Secretaryship 

By W. B. THORNE : ; : ‘ . Net 
How to Take Minutes 

Edited by E. Martin, F.C.LS. ; i - Net 
Meetings 

By F. D. HEAp, B.A. . Net 


Outlines of Transfer Procedure in Connection 
with Stocks, Shares, etc. 
By F. 1D. Likap, B.A. (Oxon), Barrister-at-Law . Net 
Practical Share Transfer Work 
By F. W. LIDDINGTON . Net 
Prospectuses : How to Read and Understand 
Them 
By Puiute Tovey, F.C.LS, ; . Net 
Questions and Answers on Secretarial Practice 
By E. J. WamMMmonn. Revised 'Py G. K. bane or, 


A.C.1LS. (Llons.) ‘ ; Net 
Secretary’s Handbook 
Edited by Str H. E. Briain, C.B.E. . Net 


Transfer of Stocks, Shares, and Other 
Marketable Securities 
By F. D. Heap, B.A. ; ‘ ; ; - Net 
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PRICE 
5/- 
10/6 
2/- 


3/6 
42/- 
2/6 


7/6 
6/- 


3/6 
2/6 
2/6 


3/6 
3/6 


7/6 
5/- 


10/6 


INDUSTRIAL ADMINISTRATION 


Dictionary of Industrial Administration 

Edited by J. Les, C.B.E., aia ee =e Two 

Vols. Net 63/- 
Employment Management 

Compiled and Edited by DANIEL BLOOMFIELD . Net 8/6 


Engineering Factory Supplies 


PRICE 


By W. J. Hiscox . . Net 5/- 
Factory Administration in Practice 

By W. J. Hiscox . Net 8/6 
Factory Lay-Out, Planning and Progress 

By W. J. Hiscox . Net 7/6 


Factory Organization 
By C. H. Nortnucortr, M.A., Ph.D., O. SHELDON, B.A.., 
J. W. WARDROreER, BSc, B.Com. A. os A., and 


L. Unwicx, M.A. . . Net 3/6 
Fair Wage, A By E. Batren .  .  . Neb 2/6 
Industrial Conflict 

By the Ricut Hon. Grorce N. Barnes . Net 3/6 


Industrial Control] (Applied to Manufacture) 
By F. M. Lawson, A.M.I.C.E., A.M.I.Mech.E. . Net 8/6 


Industrial Organization 


By Joun Leg, C.B.E., M.A., M.Com.Sc._. . Net 5/- 
Industrial Organization, The Evolution of 

By B. F. SHretps, M.A. : . Net 10/6 
Introduction to Industrial Administration, An 

By J. Lee, C.B.E., M.A., M.Com.Sc. : . Neb 5/- 
Lectures on Industrial Administration 

Edited by B. Muscio, M.A... : ; . Net 6/- 
Letters to an Absentee Director 

By Joun LEE, C.B.E., M.A.,M.Com.Se. . » Net 5/- 
Management 

By J. Les, C.B.E., M.A., M.Com.Sc. : . Net 5/- 
Modern Industrial Movements 

Edited by D. BLOOMFIELD ; : . Net 10/6 
New Leadership in anGusEry; The 

By S. A. LEWISOHN : . Net 7/6 


Outlines of Industrial Administration 
By R. O. a js Soe as and ea . 
JENKINS Net 6/- 
Patents for Taventods., 
By J. E. WALKER, B.A., and R. B. Foster, B.Sc. Net 21/- 
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Industrial Administration—contd. 


Philosophy of Management, The 

By OLIveR SHELDON, B.A. ; . Net 
Principles of Industrial Administration, An 

Introduction to 

By A. P. M. Fremina, C.B.E., M.Sc., M.LE.E., 

and H. J. BROCKLEHURST, M.Eng., A.M.ILE.E. . Net 
Principles of Industrial Welfare 

By J. LEE, C.B.H., M.A., M.Com.Se. . ; . Net 


Problems of Labour 
Compiled and Edited by DANIEL BLooMFIELD . Net 


Research in Industry 
By A. P. M. Fiemina, C.B.E., M.Sc., M.I.E.E., 


and J. G. Pearce, B.Sc., A.M.1.E.E. ; . Net 
Sharing Profits With Employees 

By J. A. Bowls, M.A. i . Net 
Time Standardization of Workshop Operations 

By T. Pinxrmneton, M.I.Mech.E. ; . . Net 
Welfare Work in Industry 

Edited by E. T. KELLy . ‘ : ; . Net 
Workshop Committees 

By C. G. RENOLD . : ‘ ‘ : . Net 


BUSINESS ORGANIZATION AND 


MANAGEMENT 
Business Management 
By PERCIVAL WHITE ‘ Net 
Business Management for Small Retailers 
By H. W. THEEDAM ‘ , ~ Net 
Clubs and Their Management 
By F. W. PIXLEY . Net 


Colliery Office Organization and Accounts 
By J. W. Innus, F.C.A., and T. C. CAMPBELL, F.C.I. Net 
Commercial Management 
By C. L. BoLyine . . Net 


Counting -House and Factory Organization 
By J. GILMOUR WILLIAMSON . Net 


Drapery Business Organization, Management 

and Accounts. By J. Ernest BAYLEY . Net 

Filing Systems. By E.A.Copze . . . Net 
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10/6 


3/6 
5/- 


8/6 


10/6 
10/6 
16/- 
5/- 
1/- 


15/- 
3/6 
10/6 
7/6 
10/6 
7/6 


7/6 
3/6 


Business Organization and Management—contd. 


Flour Milling Industry, Organization and 


PRICE 


Management of the. By E. L. Pearson. Net 12/6 


Grocery Business Organization and Manage- 
ment. By L. T. oo O.B.E., and J, A. 


SMART . Net 
Hire-Purchase Trading 

By CUNLIFFE L. BOLLING P : ; . Net 
Hotel Organization, Management, and 

Accountancy 

By G. De Bont, ta ra and F. F. SHARLEs, 

F, %, A.A,, F.C.I S. . Net 
How to Manage a palvate motel 

By P. Hospss . ; ; . . Net 


How to Organize a Concerts, Feétes, 
Exhibitions, etc. 
By F. ATTFIELD FAWKES ‘ é ; . Net 


Ironmongery and sronmONgers: necouae 
By S. W. FRANCIS . ‘ Net 


Office Machines, Appliances, or pieniods 
By W. DEsBorovGH, F.C.I. . Net 


Office Organization and Management, 
Including Secretarial Work 
By LAWRENCE R. DiIcKksEE, M. mene F.C.A., 


and Sir H. E. Buain, C.B.E. . Net 
Organization of a Small Business, 1 ane 
By W. A. SMITH ‘ ‘ . Net 


Self-Organization for Business Men 
By Morey Darnow, B.Sc.(Hons.), Lond. . Net 


Solicitor’s Office Organization, Management, 
and Accounts 


By EH. A. Cope and H. W. H. RoBINs . . Net 
Stockbroker’s Office, rhe 

By J. E. Day . : ; : . Net 
Stores Accounts and Stores eaae 

By J. H. BurRTon . pa. +8 ; . Net 
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6/- 


10/6 


10/6 


3/6 


6/- 


3/6 


7/6 
2/6 


5/- 


6/- 
7/8 


o/- 


MUNICIPAL WORK 


Local Government of the United Kingdom, 
and the Irish Free State The 
By J. J. Cranks, M.A., FSS. .  .  . Net 12/6 
Municipal Accounting Systems 
By S. WurreHeaD, A.S.A.A., A.C.LS, ; . Net 5/- 
Municipal Audit Programmes 


PRICE 


By the same Author ; ; ‘ ‘ - Net 346 
Municipal Book-keeping 

By J. H. McCaty, F.S.A.A.. . Net 7/6 
Municipal and Local Government Law 

By H. E. Smrrn, LL.B. . 3 ; . Net 10/6 
Municipal Organization 

By M. H. Cox, LL.B... Net 5/- 
Municipal Student’s Examination Notebook 

By S. Wirrenerap, A.S.A.A,., A.C.I.S. : . Net 7/6 


Municipal Series 
Edited by Wrur14m Bateson, A.C.A., F.S.A.A. 
Describes the Organization and Administration in the 
Various Departments of a Municipality. 
Principles of Organization 


By W. Bateson, A.C.A., F.S.AA. . . Net 8/6 
Education Department 

By A. E. Ixin, B.Sce., LL.D... ‘ . Net 7/6 
Electricity Undertaking 

By C. L. E. Srewant, M.LE.E. ‘ . Net 6/- 
Finance Department 

By W. Bateson, A.C.A., F.S.A.A. . . Net 7/6 
Gas Undertaking 

By E. Upton, F.\S.A.A. . Net 5/- 
Municipal Engineer and Surveyor’ Ss 

Department. By E. J. Exrorp . . Net 10/6 

Public Health Department 

By W. A. LEONARD 3 : . Net 6/- 
Rating Department 

By A. H. Peacock, M.A., AS.AA. . . Net 5/- 


Town Clerk’s Department and the 

Justices’ Clerk’s Department 

By A. S. Wrieut and E. H. Smncteton . Net 7/6 
Tramways Department 

By S. B. N. Manse . oo. lel Net 6 
Waterworks Department 

By F. J. AvBan, F.S.A.A., F.I.M.T.A., A.C.LS. Net 10/6 

20 


ADVERTISING AND COMMERCIAL ART 


Advertisement Lay-Out oe Copy ovine 


By A. J. WATKINS 
Advertising Procedure By 0. Kusppner 


Advertising Through me nreee 
By N. HUNTER ‘ 


Advertising to Waren: 
By C. A. NAETHER, M.A. 


Business Man’s Guide to Advertising 
By A. E. BULL 


Craft of Silent Saisewianshin 
By C. MAXWELL TREGURTHA and J. W. FRING: 


Designs, Book of 
By C. J. and L. S. Strona 


Effective Postal Publicity 
By Max RITTENBERG 


Language of payer OSines The 
By J. B. OPDYCKE . 

Letter and estat Studio Handbook 
By S. WELO 

Lettering, Plain and Ornamental 
By E. G. Fooks 

Modern Publicity. By A. W. Deax 


Practical Points in Postal cleseaan 
By Max RITTENBERG 


Practical Press Publicity 
By A. L. CULYER : 


Show Card Writing, The he of 
By L. J. and C. J. Strone 


Sign Painting. By F. H. ATKINSON 
Ticket and Showcard Desiemne 
By F. A. PEARSON ; 
Training in Commercial ee 
By V. L. DANVERS , 


Types and Type Faces 
Reprinted from “ Modern eS a 
By C. M. TREGURTHA 
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Net 
Net 


Net 


. Net 


Net 


Net 


Net 


Net 


Net 


Net 


Net 
Net 


Net 


Net 


Net 
Net 


Net 


Net 


Net 


PRICE 


15/- 
21/- 


5/- 
21/- 
3/6 
5/- 
16/- 
7/6 
15/- 
12/6 


3/6 
2/6 


4/6 
3/6 


16/- 
16/- 


3/6 


21/- 


2/6 


SALESMANSHIP 


Building Retail Sales 
By C. C. KNIGHTS . : F i ‘ 


Commercial Travelling. By A. E. Burt 


Craft of Silent Salesmanship 


By C. MAXWELL TREGURTHA and J. W. Frinces 


Mail Order and een eiading 
By A. E. Bui 


Mail Order Ouianuatis 
By P. BE. Witson . ‘ ; ‘ : 


Modern Sales COTS ponnence 
By D. M. WILson : 


Outline of Sales Management, An 
By C. C. Knicuts, Sales Consultant 


Practical Aids to Retail aa 
By A. Epwarp HaMMOND ‘ ;: 


Practical Salesmanship 


By N. C. Fowrer, Junr. . ° , 


Principles of Retailing 


By N. A. Brisco, Ph.D. . ‘ ‘ . 


Psychology as a Sales eactor 
By A. J. GREENLY . 


Sales Management. By C. L. Botiina 


Salesmanship 
By W. A. CorBIon and G. E. GRIMSDALE 


Salesmanship, Technique of 
By C. C. KNicuts . 


Shop Fittings and mispiey” 
By A. E, HAMMOND ; 


‘Successful Retailing. By E. N. Srmon . 


Training, for More Sales 
By C. ©. Kniauts, Sales Consultant 


Training for Traveiling maleate 
By F. W. SHRUBSALL 


Window Dressing. By G. L. Toaans 


Net 
Net 


Net 


Net 


Net 


Net 


Net 


Net 


Net 


Net 


Net 
Net 


Net 


Net 


Net 
Net 


Net 


Net 
Net. 


16/- 


10/6 
10/6 


3/6 
5/- 


o/- 
5/- 


o/- 


2/6 


TRANSPORT 


Canals and Inland Waterways 
By GEORGE CADBURY ; 5 . » Net 


Commercial Air Transport 


By Litut-Cou. Ivo ain C.M.G., me F, ag 
M.C., A.F.R.AeS. . Net 


History and Economics of Transport, The 
By A. W. KirKkatpy, M.A., B.Litt., M.Com., 


and A. D. Evans . ‘ . Net 
How to Send Goods be Road Rail, and Sea 
By G. B. LIissENDEN ; Net 


Industrial Traffic Management 
By G. B. LISSENDEN ‘ ‘ . Net 


Modern Dock Operation 
By D. Ross-JoHnson, 0.B.E., V.D., M.Inst.I. . Net 


Modern Railway Operation 
By D. R. Lams, M.Inst.T. : i : - Net 


Motor Road Transport. By J. Pariimore. Net 
Port Economics 
By B. CUNNINGHAM, D. a - aie PLR SI., 
M.Inst.C.E. ‘ P ; , . Net 


Railway Electrification and Traffic Problems 
By P.Burrr. . . . . .  « Net 


Railway Rates: Principles and Problems 
By P. Bourrr, M.Inst.T. . ‘ , ; ~ Net 


Railway Statistics : Their Compilation and 
Use. By A. E. Kirkus, O.B.E., M.Inst.T. . Net 


Rights and Duties of anenSDOrt er 


By H. B. Davies, M.A. . . Net 
Road Making and Road Using 
By T. SALKIELD, M.Inst.C.E., M.Inst.T. . . Net 


Traders’ Rail Charges Up to Date 
By J. W. Parker, A.M.Inst.T. ‘ : . Net 
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PRICE 


7/6 


2/6 


16/- 


2/- 


20/—- 


7/6 
10/6 


5/- 


7/6 


3/6 


LAW 


Bankruptcy, Deeds of Arrangement, etc. 
By W. VALENTINE BALL, M.A., Barrister-at-Law Net 


Bills, Cheques, and Notes 





By J. A. SLATER, B.A., LL.B. (Lond.). —. . Net 
Business Tenant, The 

By Epwarp S. Cox-SINcLair, and T. Hynes, . Net 
Commercial Law of England, The 

By J. A. SLaTer, B.A., LL.B. (Lond.) ; . Net 
Companies and Company Law 

By A. C. Connett, LL.B. (Lond.) . ‘ - Net 
Company Case Law 

By F. D. Heap, B.A. (Oxon) . ; ; . Net 


Company Law 
By D. F. pE L’HOSTE RANKING, M.A., LL.D., and 


ERNEST EVAN SPICER, F.C.A. . , , . Net 
Elements of Commercial Law, The 

By A. H. Dovuazas, LL.B. (Lond.) . , . Net 
Elementary Law. By &. A. Corr. ; . Net 


Examination Notes on Commercial Law 

By R. W. Hotuanp, O.B.E., M.A., M.Sc., LL.D. . Net 
Examination Notes on Company Law 

By R. W. HoLianp, O.B.E., M.A., M.Sc., LL.D. . Net 
Executorship Law and Accounts 

By D. F. pE L’Hoste Rankine, M.A., LEL.D., 

E. E. Spicer, F.C.A., and I. C. PEGLEr, F.C.A. Net 
Guide to Company Law 

By R. W. HOLLAND, O.B.E., M.A., M.Sc. LL.D. . Net 
Guide to Railway Law 

By ARTHUR E. CHAPMAN, M.A., LL.D. (Camb.) . Net 


Introduction to Commercial Law 


By Norman A. WEBB, B.Sc. . ‘ . , . 
Law for Journalists 

By CHARLES PILLEY, Barrister-at- Law ; . Net 
Law for the House-Owner 

By A. H. Cosway . Net 


Law of Carriage by Railway, The. In Great 
Britain and Ireland 
By L. R. Lipserr, M.A., LL.D., and T. J. 
D. ATKINSON, M.A. . ; ; ; ; . Net 
Law of Contract, The 
By R. W. Houuanp, O.B.E., M.A., M.Sc., LL.D. Net 
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PRICE 


12/6 


7/6 
3/6 


7/6 


10/- 


2/- 
4/- 


2/8 
2/6 


15/- 
3/6 
7/6 
5/- 
5/- 
2/6 


5/~ 


Law—contd. 
Law of Master and Servant 


By F. R. Barr, LLM. .. . Net 
Law Relating to Building and Contzacts 
By W. T. CRESWELL, Barrister-at- Law ‘ . Net 


Law Relating to Secret Commissions and 
Bribes. By ALBERT CREW, Barrister-at-Law . Net 


Law Relating to Carriage by Land 


By S. W. CLARKE, Barrister-at-Law . . . Net 
Legal Terms, PRTaSes and Abbreviations 
By EH. A. Cope ; ‘ , : . Net 


Mercantile Law 
By J. A. Statrer, B.A., LL.B. (Lond.) Fifth Edition, 
Revised by R. W. HOLLAND, O.B.E., M.A., M.Sc., 


LL.D., of the Middle Temple. . Net 
Outlines of Company Law 
By F. D. Heap, B.A. (Oxon) . , ; . Net 


Partnership Law and Accounts 
By R. W. Hoiuanp, O.B.E., M.A., M.Sc., LL.D. Net 


Principles of Marine Law 
By LAWRENCE DUCKWORTH . j ‘ ~ Net 


Questions and Answers on Commercial Law 
By R. W. Horianp, O.B.E., M.A., M.Se., LL.D. Net 


Questions and Answers on Company Law 
By G. WILLIAM FortTwUNnE, F.S.A.A., F.C.LS. (Hons.), and 
D. R. Matueson, M.A. (Hons.), A.S.A.A. (Hons.) Net 


Railway Act, 1921, The 
By R. P. Grirrirus, F.C.I., F.B.E.A., Grad.Inst.T. Net 


Rights and Duties of Liquidators, Trustees, 
and Receivers, The 


By D. F. DE L’HOSTE RANKING, M.A., LL.D., ERNEST 
E Spicer, F.C.A., and ERNEST C. Peauer, F.C.A. Net 


Solicitor’s Clerk’s Guide. By E. A. Cork . Net 


Trusts : Law, Administration, and Accounts 
By C. KELLY and J. CoLE-HAMILTON . . Net 


Wills, Executors, and Trustees 
By R. W. Hotianp, O.B.E., M.A., M.Sc., LL.D. Net 
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PRICB 


10/6 
12/6 
10/6 

7/8 


3/- 


7/8 
2/6 
6/- 
7/6 


5/- 


5/- 


2/6 


15/- 
4/- 


15/- 


2/6 


REFERENCE BOOKS 


Bedrock of Modern Business, The 
By JAMES STEPHENSON, M.A., M.Com., DSc. . Net 


Business Building 
Edited by F. F. Snares, F.S.A.A., F.C.LS. 2 Vols. Net 


Business Cycles. The Problem and Its Setting 


By W. C. MiTcHELL ‘ . Net 
Business Forecasting and Its Practical Appli- 
cation. By W. WaLiace, M.Com. (Lond.) . Net 


Business Man’s Encyclopaedia and Dictionary 
of Commerce 
Edited by FranK Hrywoup, F.C.1.S. Two Vols. Net 


Business Man’s Guide 
Edited by J. A. SLATER, B.A., LL.B. i . Net 


Business Statistics 
By R. W. Hou.ann, O.B.E., M.A., M.Sc., LL.D. Net 


Business Terms, Phrases, etc. ; Net 
Cable and Wireless Communications of the 
World, The 

By F. J. Broww, C.B., C.B.E., M.A., B.Sc. . Net 
Charting, Manualof . . . .  . Net 
Charts and Graphs 

By Karu G. KARSTEN, B.A. (Oxon) ‘ . Net 
Commercial Arbitrations 

By E. J. Parry, B.Sc., F.1.C., F.C.S. ‘ . Net 
Commercial Commodities 

By F. MatrurEws, B.Sc., A.LC., F.C.S. . Net 


Commercial Contracts. By E. J. Parry . Net 


Commercial Self-Educator 
Kdited by R. W. ene O.B.E., a A., a Sc., LL.D. 
Two Vols. Ne 


Commodities of Goimierce 
By J. A. SLATER, B.A., LL.B. ; ‘ . Net 
Cotton World, The 
Compiled and Edited by J. A. Topp, M.A., B.L. . Net 
Dictionary of the World’s Commercial 
Products 


By J. A. SLATER, B.A., LL.B. (Lond.) ‘ . Net 
Discount, Commission, and mrercrees Tables 
By Ernest H®avINGHAM . : . Net 
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PRICE 


15/- 
42/- 
30/- 


7/6 


47/6 
6/- 
3/6 
3/6 


7/6 


20/- 
3/6 


12/6 


30/- 
6/- 


3/6 


1/6 


Reference Books—contd. 


Empire Consols. By J. F. Daruine, C.B.E.. Net 
Financial Statements, Analysis of 


By H. G. GUTHMANN, M.B.A., C.P.A. : - Net 
Fruit and the Fruit Trade 

By F. FArRFORD ; . Net 
Guide to the Improvement of the Memory 

By the late Rev. J. H. Bacon ; Net 


Handbook on Wills, A. By A. H. Cosway . Net 
How to Collect Accounts by matte 


By C. HANNEFORD-SMITH ‘ ‘ . Net 
How to Grant Credit 
By CUTHBERT GREIG ; Net 


History, Law, and Practice of the Stock 
Exchange, The. By A. P. Potzy, B.A. . Net 


Investment Principles and Practices 


By R. E. BapGer, Ph.D. ‘ F ; ~ Net 
Investor’ s Manual, The 

By W. W. WALL, FSS., F.J.1. ; : . Net 
Mercantile Terms and Abbreviations . Net 
Money and the Stock and Share BIRENCtS The 

By Emit DAVIES. Net 
Money Making in Stocks and Shares 

By SypnEy A. MosELEY . Net 
Public Speaking. By F. H. Kirgpatrick . Net 
Public Speaking, Essentials of 

By W. C. Dusois, A.M., LL.B. : ; . Net 
Romance of World Trade, The 

By A. P. DENNIS, Ph.D., LL.D. : , . Net 
Shareholder’s Manual, pHe 

By H. H. Bassett . ‘ ‘ ‘ . Net 
Speak in Public, How to 

By C. F. Carr and F. E. STEVENS . ; Net 
Statistics and Their pep ecaen to Commerce 

By A. L. BODDINGTON . . Net 
Types of Business Paterpeies 

By M. C. Cross, LL.B., Ph.D. i ‘ ~ Net 
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PRICE 


1/- 
21/- 
6/- 


1/6 
2/6 


3/6 
3/6 
7/6 


21/- 


3/6 
1/6 


2/- 


7/6 
5/- 


8/6 
15/- 
3/6 
3/6 
12/6 


21/- 


FOREIGN LANGUAGES 


FRENCH 
® PRICE 
Progressive French Grammar 
By Dr. F. A. Hepecock, M.A., D.ds.L. - Net 5/6 
Commercial French Grammar 
By F. W. M. Drared, M.A, Bes. L220. lw CNet 
French-English and English-French 
Commercial micHouery 
By F. W. Smirn_. : . Net 7/6 
Manual of French Commercial Correspondence 
By G. W. MacDoNALD . . Net 5/- 
Correct French Speech 
By B. Dumvitte, M.A., F.C.P. . : ‘ . 16 
GERMAN 
A New German Grammar 
By J. Keeaan, M.A. : ; : ° » Net 5/- 
Commercial German orammar 
By J. BITHELL, M.A. ‘ - Net 3/6 
A New German-English and Badiinh: German 
Dictionary for General Use 
By F. C. HEBERT and L. Hirscn ; - Net 15/- 
German-English and English-German 
Commercial Dictionary 
By J. Brruewy, M.A. : ‘ ; : » Net 16/- 


Commercial Correspondence in German. Net 3/6 


SPANISH 


Spanish Commercial premnar 
By C. A. TOLEDANO : : - Net 4/6 


Spanish-English and Bagiiah- Seaniel 
Commercial Dictionary 
By G. R. MacDoNaLD : : : . Net 12/6 


Manual of Spanish pommerca ip Oneeenu nd elite 
By G. R. MacDoNaLD - © Net 486 
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Foreign Languages—contd. 


ITALIAN 


Baretti’s Italian and English Dictionary 
Compiled by GUGLIELMo CoMELATI = J. apa 


In two volumes (Reprinted) . . Net 
Italian Commercial Srammae 
By Loier Riccr ‘ - Net 


Italian-English and English- Italian 
Commercial Dictionary 


By G. R. MACDONALD. . ‘; : - Net 
Mercantile Correspondence, Enélish- Italian 
Net 
PORTUGUESE 


Portuguese-English and English-Portuguese 
Commercial Dictionary 


By F.W.SmirH . . . . .«  . Net 
Practical Portuguese Grammar .  . Net 
Mercantile Perey neces English-Portu- 

guese. : ; ; . - Net 


PITMAN’S SHORTHAND 

For Complete List of Textbooks, Phrase Books, 

Dictation Books, Reading Books, etc., see Pitman’s 

“SHORTHAND AND TYPEWRITING CATALOGUE.” 
Pitman’s Shorthand Instructor : . . 
Pitman’s Shorthand Commercial Course 
Pitman’s Shorthand Rapid Course - = 
Shorter Course in Pitman’s Shorthand : 
English and Shorthand Dictionary 


Shorthand Clerk’s Guide 
By V. E. CottingE, A.C.LS. . ‘ . 


Progressive Dictator . . . . .,. ., 


PRIOE 


25/- 


4/- 


30/- 


5/- 


16/- 
7/8 


3/6 


4/6 
4/6 
4/6 
1/- 
10/- 


2/6 
2/6 


Phonographic Phrase Book . Paper 1/6, Cloth 2/- 
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TYPEWRITING 


Pitman’s Commercial typewsiting 


PRICE 


By W. and E. WALMSLEY ; 5 ‘ . 5f/- 
Pitman’s Typewriter Manual . sp. <> "OS 
Business Typewriting 

By F. Heeuis, F.C.1.8S,. . ; : ; ; ~ bf 
Advanced Typewriting 

By the same Author , ; ; ; ‘ 3/6 
Typist’s Companion, The 

By MAxweE.. Crooks, F.Inc.T.T., F.1.P.S. » Net 2Q/- 
Touch Typewriting for Teachers 

By MAXWELL Crooks, F.Inc.T.T., F.I. saa 

F, G, T.S. (Inc.) ; ‘ » Net 7/6 
Touch Typewriting Made Basy_ 

By G. B. Wricut . ‘ - 2/6 
Practical Course in Touch Typew riting 

By C. E. Surra : ~ 
Dictionary of Typewriting 

By H. ETHERIDGE . ‘ : . Net 7/6 
Questions and Answers on “‘Typewriting and 

Office Procedure 

By ARTHUR E. MORTON . ; . @6 
Royal Society of Arts Typewriting Tests 

By A. E. Morton. No. 1, Elementary; No. 2, ee 

mediate ; No. 3, Advanced. Each . - 2/6 
Mechanical Devices of the Typewriter 

By R. T. Nicnotson, M.A. . Net 6/- 
Modern Typewriting and Manual of Office 

Procedure 

By A. E. Morton . 5/6 

Work and Management of a 1 Copying Office, 
The 

By G. C. MEeNzIEs . : Net 10/6 

Pitman’s Gramophone Method of Rhythmic 
Typewriting 

Comprises a complete set of specially arranged 

gramophone records for use in the Touch Type- 

writing Class and a series of aha Breged 

keyboard exercises . : 4 . Net 35/- 

Exercises only ‘ ; ‘ ‘ ‘ . Each 1/6 


Complete List post free on application. 
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COMMON COMMODITIES AND INDUSTRIES 


Each book in crown 8vo, illustrated. 3s. net. 


In each of the handbooks in this series a particular product or 
industry is treated by an expert writer and practical man of 
business. Beginning with the life history of the plant, or other 
natural product, he follows its development until it becomes a 
commercial commodity, and so on through the various phases 
of its sale in the market and its purchase by the consumer. 


Acids, Alkalis, and Salts. (ApLam.) 


Alcohol in Commerce and Industry. 
(SIMMONDS. ) 


Aluminium. (Morrmer.) 
Anthracite. (Suvens.) 
Asbestos. (SummeEnrs.) 


Bookbinding Craft and Industry. 
(HARRISON. ) 


Books—From the MS. to the Book- 
seller. (Youna.) 


Boot and Shoe Industry, The. (Harp- 
ING.) 


Bread and Bread Baking. (STEWaRr.) 
Brushmaker, The. (Krpnier.) 


Butter and Cheese, (TispaLe and 
JONES.) 


Button Industry, The. (JoneEs.) 
Carpets. (Brinton.) 

Clays and Clay Products. (Seanrr.) 
Clocks and Watches. (OverToN.) 
Clothing Industry, The. (Poorr.) 
Cloths and the Cloth Trade. (HuNTER.) 
Coal. (Wison.) 

Coal Tar. (WARNES.) 


Coffee—From Grower to Consumer. 
(KEABLE. ) 

Cold Storage and Ice Making. 
(SPRINGETT.) 

Concrete and Reinforced Concrete. 
(IT'WELVETREES. ) 


Copper—From the Ore to the Metal. 
(PIcARD.) 


Cordage and Cordage Hemp and 
Fibres. (Woovsouse and Ki- 
GOUR. ) 


Corn Trade, The British. (BarxKeEr.) 
Cotton. (PEAKE.} 
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Cotton Spinning. (WaDE.) 

Cycle Industry, The. (Grew.) 
Drugs in Commerce. (HumPaHRey.) 
Dyes. (HAt1.) 


Electric Lamp Industry, The. (Prr- 
CIVAL. ) 


Electricity. (NEALE.) 

Engraving. (LASCELLES.) 

Explosives, Modern. (Levy.) 
Fertilizers, (CAvE.) 

Film Industry, The. (BoucuHry.) 
Fishing Industry, The. (Greus.) 
Furniture. (BInsTEAD.) 

Furs and the Fur Trade. (Sacus.) 
Gas and Gas Making. (WEBBER.) 
Glass and Glass Making. (Marson.) 
Gloves and the Glove Trade, (Exuis.) 
Gold. (WuITE.) 

Gums and Resins. (Parry.) 
Incandescent Lighting. (Levy.) 

Ink. (M1rcHELL.) 

Internal Combustion Engines. (Ox111.) 
Iron and Steel. (Hoop.) 
Ironfounding. (WHITELEY.) 


Jute Industry, The. (WoopHovsE 
and KiLcoor.) 


Knitted Fabrics. (CHAMBERLAIN and 
QUILTER.) 


Lead, including Lead Pigments, 
(SMYTHE. ) 


Leather, (ApDcocx.) 

Linen. (Moorez.) 

Locks and Lock Making. (Burrer.) 
Match Industry, The. (Drxon.) 


Common Commodities and Industries—contd. 


Meat Industry, The. (Woon.) Starch and Starch Products, (AUDEN. ) 
Motor Boats. (StRicKLAND.) Stones and Quarries. (Hows.) 
Motor Industry, The. (Warr. ) Straw Hats. (INwarps.) 

Nickel. (WxHrIrE.) Sugar. (Martineav.) (Revised by 
Oil Power. (Norrn.) FastIcr.) 

Oils. (Mrronetz.) Sulphur and Allied Products. (AuDEN.) 


Paints and Varnishes. (JENNINGS.) Talking Machines. (MrrcHE.t.) 

Paper. (MAppox.) Tea. (IBBETSON.) 

Patent, Smokeless, and Semi-Smoke- elegraphy, Telephony, and Wireless. 
less Fuels. (GREENE and PERKIN.) (POOLE. ) 

Perfumery, The Raw Materials of.  Textilo Bleaching. (STEven.) 


(PaRRY.) Timber, (BuLtocx.) 
Photography. (GamBLe. ) Tin and the Tin Industry. (Munvey.) 
Platinum Metals, The. (Smrru.) Tobacco, (TaNNER.) (Revised by 
Player Piano, The. (W11s0N.) Drew). 
Pottery. (Noxz and Piant.) Velvet and the Corduroy Industry. 


(COOoKE.) 
Wall Paper. (WaARD.) 
Weaving. (CRANKsHAW.) 
Wheat and Its Products. (MiiarR.) 


Rice. (Dovuctas.) 

Rubber. (Strvens and STEVENS.) 
Salt. (CaLvent.) 

Shipbuilding and the Shipbuilding 


Industry. (MrrcHELL.) Wine and the Wine Trade. (Smovn.) 
Silk. (Hoor:r.) Wool. (HunTEr.) 
Silver. (WHITE.) Worsted Industry, The. (Dumvittz 
Soap. (Surmons.) and KenrsHaw.) 
Sponges. (CRESSWELL.) Zinc and Its Alloys. (Lonzs.) 


Technical Dictionary of Engineering and Industrial 
Science in Seven Languages: English, French, 
Spanish, Italian, Portuguese, Russian, and 
German. 

In four volumes, each in crown 4to, buckram gilt, 2230 pp. 
£8 8s. net, complete. 

Compiled by ERNEST SLATER, M.I.E.E., M.I.Mech.E., in collab- 
oration with leading Authorities. 


PITMAN’S SHORTHAND 


Invaluable to all Business and Professional Men 


Sir Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, London, W.C.2 


PRINTED IN GREAT BRITAIN AT THE PITMAN PRESS, BATH 
(8831 w) 


ARCOS Lt 


Sole Purchasing and Selling 
Agents in Great Britain for 
the Government of the U.S.S.R. 


RUSSIAN RAW MATERIALS 
OF ALL KINDS 


Arcos Imports from Russia: 


FLAX, HEMP, TOW, WOOL, 


ETC., ETC. 


Arcos Exports to Russia: 


TEXTILE MACHINERY 
SCIENTIFIC APPARATUS 
ENGINES, TOOLS, etc., etc. 


TURNOVER SINCE AUTUMN 1920, £36 400,000 


ARCOS LIMITED 
49 MOORGATE, LONDON, E.C.2 
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Henry Bannerman 
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COTTON SPINNERS 
MANUFACTURERS 
AND MERCHANTS 


33 York Street, Manchester 


Chairman and Managing Director : 
SIR CHARLES W. MACARA, 
BART. 
Chairman: Manchester and District Cotton 
Employers’ Association since 1892 ; President : 
Federation of Master Cotton Spinners’ Associ- 
ations 1894 to 1914; President : International 
Federation of Master Cotton Spinners’ and 
Manufacturers’ Associations 1904 to 1915 


MILLS : 
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Telephone No.: 8274 (6 lines) 
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